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MS Appeal Brief - Patents 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

This responds to the Notice of Non-Compliant Appeal Brief dated August 21, 2007. The 
deadline for filing an amended Appeal Brief is one month from the date of mailing of the Notice, 
or September 20, 2007. Accordingly, this amended Appeal Brief is timely filed, and is in 
furtherance of the Notice of Appeal filed on December 8, 2006. 

Please also note that the real party of interest has been amended because of the 
termination of a license agreement. There is no longer a licensee as a party of interest. 

Payment of fees required under § 41 .20(b)(2) is authorized in the accompanying 
TRANSMITTAL OF APPEAL BRIEF. 

This brief contains items under the following headings as required by 37 C.F.R. § 41 .37: 

I. Real Party In Interest 

II Related Appeals and Interferences 

III. Status of Claims 
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IV. Status of Amendments 

V. Summary of Claimed Subject Matter 

VI. Grounds of Rejection to be Reviewed on Appeal 

VII. Argument 

VIII Claims Appendix 

IX. Evidence Appendix 

X. Related Proceedings Appendix 
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I. REAL PARTY IN INTEREST 

The real party in interest for this appeal is as follows: 

Curis, Inc., the owner of the application. 

II. RELATED APPEALS, INTERFERENCES, AND JUDICIAL PROCEEDINGS 

To the best of the knowledge of the undersigned, there are no other appeals, interferences 
or judicial proceedings known to the Appellant, the Appellant's legal representative, or the 
above-noted real party of interest that will directly affect or be directly affected by, or have a 
bearing on, the Board's decision in this appeal. 

III. STATUS OF CLAIMS 

A. Total Number of Claims in Application 
There are 45 claims pending in application. 

B. Current Status of Claims 

1. Claims canceled: 1, 3, 4, 7, 10, 13, 39-52 

2. Claims withdrawn from consideration but not canceled: 21 , 22, 25, and 
28-34 

3. Claims pending: 2, 5, 6, 8, 9, 1 1, 12, 14-20, 23, 24, 26, 27, 35-38, and 
53-65 

4. Claims allowed: None 

5. Claims objected: None 

6. Claims rejected: 2, 5, 6, 8, 9, 1 1, 12, 14-38, and 53-65 
C Claims On Appeal 

The claims on appeal are claims 2, 5, 6, 8, 9, 1 1, 12, 14-38, and 53-65. 

IV. STATUS OF AMENDMENTS 

An amendment was filed on December 8, 2006 in response to the Final Office Action 
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dated September 21, 2006. The Examiner entered the amendment as indicated in the Advisory 
Action dated January 18, 2007. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

Applicants provide the following concise summary of the subject matter defined in each 
of the independent claims involved in the appeal, with appropriate page and line numbers 
referring to the cited portions of the originally-filed specification: 

Claim 2 

The methods and compositions of this invention capitalize in part upon the 
discovery that certain proteins of eukaryotic origin, defined herein as OP/BMP 
renal therapeutic agents, and including members of the osteogenic protein/bone 
morphogenetic protein (OP/BMP) family of proteins, may be used in the treatment 
of subjects in, or at risk of, acute renal failure, (page 2, line 33-36). Useful renal 
therapeutic agents include polypeptides, or functional variants of polypeptides, 
comprising at least the C-terminal six-or seven-cysteine domain of a mammalian 
protein selected from the group consisting of OP-1, OP-2, OP-3, BMP2, BMP3, 
BMP4, BMP5, BMP6, BMP9, and proteins which exhibit at least 70% or, more 
preferably, 75% or 80% amino acid sequence homology with the amino acid 
sequence of the seven-cysteine domain of human OP-1; and are (a) capable of 
inducing chondrogenesis in the Reddi-Sampath ectopic bone assay (Sampath and 
Reddi (1981), Proc. Natl. Acad. Sci. (USA) 78:7599-7603) or a substantially 
equivalent assay, (b) capable of significantly preventing, inhibiting, delaying or 
alleviating the permanent or progressive loss of renal function which may result 
from acute renal failure in a standard animal model of acute renal failure, or (c) 
capable of causing a clinically significant improvement in a standard marker of 
renal function when administered to a mammal in, or at risk of, acute renal failure, 
(page 2, line 36 to page 3, line 10). The renal therapeutic agents of the present 
invention may be evaluated for their therapeutic efficiency in causing a clinically 
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significant improvement in a standard marker of renal function when administered 
to a mammalian subject, (page 11, lines 5-7). 

Claim 53 

The methods and compositions of this invention capitalize in part upon the 
discovery that certain proteins of eukaryotic origin, defined herein as OP/BMP 
renal therapeutic agents, and including members of the osteogenic protein/bone 
morphogenetic protein (OP/BMP) family of proteins, may be used in the treatment 
of subjects in, or at risk of, acute renal failure, (page 2, line 33-36). The renal 
therapeutic agents useful herein include therapeutically effective proteins in which 
the amino acid sequences comprise a sequence sharing at least 60% amino acid 
sequence identity, and preferably, 65% or 70% identity with the C-terminal seven 
cysteine domain present in the active forms of human OP-1. (page 9, lines 9-13). 
The renal therapeutic agents of the present invention may be evaluated for their 
therapeutic efficiency in causing a clinically significant improvement in a standard 
marker of renal function when administered to a mammalian subject, (page 11, 
lines 5-7) 

Claim 58 

The methods and compositions of this invention capitalize in part upon the 
discovery that certain proteins of eukaryotic origin, defined herein as OP/BMP 
renal therapeutic agents, and including members of the osteogenic protein/bone 
morphogenetic protein (OP/BMP) family of proteins, may be used in the treatment 
of subjects in, or at risk of, acute renal failure, (page 2, line 33-36). The renal 
therapeutic agents useful herein include therapeutically effective proteins in which 
the amino acid sequences comprise a sequence sharing at least 60% amino acid 
sequence identity, and preferably, 65% or 70% identity with the C-terminal seven 
cysteine domain present in the active forms of human OP-1. (page 9, lines 9-13). 
Useful renal therapeutic agents include polypeptides, or functional variants of 
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polypeptides, comprising at least the C-terminal six-or seven-cysteine domain of a 
mammalian protein selected from the group consisting of OP-1 , OP-2, OP-3, 
BMP2 5 BMP3, BMP4, BMP5, BMP6, BMP9, and proteins which exhibit at least 
70% or, more preferably, 75% or 80% amino acid sequence homology with the 
amino acid sequence of the seven-cysteine domain of human OP-1 ; and are (a) 
capable of inducing chondrogenesis in the Reddi-Sampath ectopic bone assay 
(Sampath and Reddi (1981), Proc. Natl Acad. Sci. (USA) 78:7599-7603) or a 
substantially equivalent assay, (b) capable of significantly preventing, inhibiting, 
delaying or alleviating the permanent or progressive loss of renal function which 
may result from acute renal failure in a standard animal model of acute renal 
failure, or (c) capable of causing a clinically significant improvement in a standard 
marker of renal function when administered to a mammal in, or at risk of, acute 
renal failure, (page 2, line 36 to page 3, line 10). The renal therapeutic agents of 
the present invention may be evaluated for their therapeutic efficiency in causing a 
clinically significant improvement in a standard marker of renal function when 
administered to a mammalian subject, (page 11, lines 5-7). Generally speaking, 
acute renal failure may be due to pre-renal, post-renal, or intrinsic renal causes. 
(Page 1, lines 20-21). As used herein, pre-renal causes of acute renal failure 
include decreased cardiac output, hypovolemia, volume redistribution, and altered 
vascular resistance, (page 4, lines 29-31). 



Claim 61 

The methods and compositions of this invention capitalize in part upon the 
discovery that certain proteins of eukaryotic origin, defined herein as OP/BMP 
renal therapeutic agents, and including members of the osteogenic protein/bone 
morphogenetic protein (OP/BMP) family of proteins, may be used in the treatment 
of subjects in, or at risk of, acute renal failure, (page 2, line 33-36). The renal 
therapeutic agents useful herein include therapeutically effective proteins in which 
the amino acid sequences comprise a sequence sharing at least 60% amino acid 
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sequence identity, and preferably, 65% or 70% identity with the C-terminal seven 
cysteine domain present in the active forms of human OP-1. (page 9, lines 9-13). 
Useful renal therapeutic agents include polypeptides, or functional variants of 
polypeptides, comprising at least the C-terminal six-or seven-cysteine domain of a 
mammalian protein selected from the group consisting of OP-1, OP-2, OP-3, 
BMP2, BMP3, BMP4, BMP5, BMP6, BMP9, and proteins which exhibit at least 
70% or, more preferably, 75% or 80% amino acid sequence homology with the 
amino acid sequence of the seven-cysteine domain of human OP-1; and are (a) 
capable of inducing chondrogenesis in the Reddi-Sampath ectopic bone assay 
(Sampath and Reddi (1981), Proc. Natl Acad. Sci. (USA) 78:7599-7603) or a 
substantially equivalent assay, (b) capable of significantly preventing, inhibiting, 
delaying or alleviating the permanent or progressive loss of renal function which 
may result from acute renal failure in a standard animal model of acute renal 
failure, or (c) capable of causing a clinically significant improvement in a standard 
marker of renal function when administered to a mammal in, or at risk of, acute 
renal failure, (page 2, line 36 to page 3, line 10). The renal therapeutic agents of 
the present invention may be evaluated for their therapeutic efficiency in causing a 
clinically significant improvement in a standard marker of renal function when 
administered to a mammalian subject, (page 11, lines 5-7). Generally speaking, 
acute renal failure may be due to pre-renal, post-renal, or intrinsic renal causes. 
(Page 1, lines 20-21). As used herein, pre-renal causes of acute renal failure 
include decreased cardiac output, hypovolemia, volume redistribution, and altered 
vascular resistance, (page 4, lines 29-31). Administration is expected to be 
continuous or frequent (e.g., daily) during the period of acute renal failure, 
typically 1-3 weeks, but may also be continued for several weeks or months after 
the acute phase, (page 3, lines 15-17). 

Claim 64 

The methods and compositions of this invention capitalize in part upon the 
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discovery that certain proteins of eukaryotic origin, defined herein as OP/BMP 
renal therapeutic agents, and including members of the osteogenic protein/bone 
morphogenetic protein (OP/BMP) family of proteins, may be used in the treatment 
of subjects in, or at risk of, acute renal failure, (page 2, line 33-36). The renal 
therapeutic agents useful herein include therapeutically effective proteins in which 
the amino acid sequences comprise a sequence sharing at least 60% amino acid 
sequence identity, and preferably, 65% or 70% identity with the C-terminal seven 
cysteine domain present in the active forms of human OP-1. (page 9, lines 9-13). 
Useful renal therapeutic agents include polypeptides, or functional variants of 
polypeptides, comprising at least the C-terminal six-or seven-cysteine domain of a 
mammalian protein selected from the group consisting of OP-1, OP-2, OP-3, 
BMP2, BMP3, BMP4, BMP5, BMP6, BMP9, and proteins which exhibit at least 
70% or, more preferably, 75% or 80% amino acid sequence homology with the 
amino acid sequence of the seven-cysteine domain of human OP-1 ; and are (a) 
capable of inducing chondrogenesis in the Reddi-Sampath ectopic bone assay 
(Sampath and Reddi (1981), Proc. Natl Acad. Sci. (USA) 78:7599-7603) or a 
substantially equivalent assay, (b) capable of significantly preventing, inhibiting, 
delaying or alleviating the permanent or progressive loss of renal function which 
may result from acute renal failure in a standard animal model of acute renal 
failure, or (c) capable of causing a clinically significant improvement in a standard 
marker of renal function when administered to a mammal in, or at risk of, acute 
renal failure, (page 2, line 36 to page 3, line 10). The renal therapeutic agents of 
the present invention may be evaluated for their therapeutic efficiency in causing a 
clinically significant improvement in a standard marker of renal function when 
administered to a mammalian subject, (page 11, lines 5-7). Generally speaking, 
acute renal failure may be due to pre-renal, post-renal, or intrinsic renal causes. 
(Page 1, lines 20-21). As used herein, pre-renal causes of acute renal failure 
include decreased cardiac output, hypovolemia, volume redistribution, and altered 
vascular resistance, (page 4, lines 29-31). In some cases, however, the subjects 
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may present with other symptoms (e.g. osteodystrophy) for which renal 
therapeutic agent treatment would be indicated, (page 12, lines 5-6). 



Although those teachings are summarized above, the Board is strongly urged to study the 
specification before considering the rejections on appeal. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The two grounds of rejection to be reviewed on appeal are: whether two groups of claims, 
first being independent claims 2 and 53 and second being independent claims 58, 61, and 64, 
each satisfies the non-obviousness requirement of 35 U.S.C. 103(a) over cited references. 

Claims 2 and 53 are rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable 
over Kelly (J. Clin. Invest. 1996 Feb 15;97(4): 1056-63) in view of Kuberasampath (WO 
93/04692) and Lefer (J Mol Cell Cardiol. 1992 Jun; 24(6):585-93). 

Claims 2, 58, 61 and 64 are rejected under 35 U.S.C. § 103(a) as allegedly being 
unpatentable over Kelly (J. Clin. Invest. 1996 Feb 15;97(4): 1056-63) in view of Kuberasampath 
(WO 93/04692), Lefer (J. Mol. Cell. Cardiol. 1992 Jun;24(6):585-93), further in view of 
Anderson (Chapter 275, in Harrison's Principles of Internal Medicine, 1980) and Brady (Chapter 
236, in Harrison's Principles of Internal Medicine, 1994). 



VII. ARGUMENT 

For the convenience of the Board, Table A below is provided indicating the relationship 
between the elements of the five independent claims (claims 2, 53, 58, 61, and 64) under appeal. 
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Table A: Comparison of Claim Elements of Claims under Appeal 


Claims 


Agent 


Cause of 
Acute Renal 
Failure 


Agent 

Administration 


Subjects being 
Treated 


2 


/{) /o homologous to Ur-1 
Seven-Cys Domain 


ANY 


ANY 


a xrv 
ANY 


53 


60% identical to OP-1 Seven- 
^✓ys uomain 


ANY 


ANY 


ANY 


58 


70% homologous OR 60% 
identical to OP-1 Seven-Cys 
Domain 


Pre-Renal 


ANY 


ANY 


61 


70% homologous OR 60% 
identical to OP-1 Seven-Cys 
Domain 


Pre-Renal 


Continuously 
for 1 -3 weeks 


ANY 


64 


70% homologous OR 60% 
identical to OP-1 Seven-Cys 
Domain 


Pre-Renal 


ANY 


Afflicted with 
Osteodystrophy 



Claims 2 and 53 relate to any form of acute renal failure, and claim 58 recites pre-renal 
causes of acute renal failure. However, the examination of claims 2 and 53 were carried out 
based on acute renal failure as including arising from pre-renal cause, which is an explicit claim 
limitation in claim 58. Further, the ground for rejection of claims 2 and 53 is alleged 
obviousness over Kelly in view of Kubersampath and Lefer . The grounds for rejection of claim 
2 and 58 is alleged obviousness over Kelly in view of Kubersampath and Lefer , further in view 
of Anderson and Brady . Appellants intend to show that none of these claims are obvious against 
cited references, by showing claim 58 is not obvious even when all cited references are 
combined. As a result, Appellants have grouped claims 2, 53 and 58 for the appeal as standing 
and falling together. 

Claims 61 and 64 will be argued separately since they recite at least one element not 
found in any one of claims 2, 53, or 58. Nevertheless, if the Board agrees with Appellants that 
claim 58 is nonobvious over the cited references, then claims 61 and 64 should also be deemed 
nonobvious since they incorporate all the elements found in claim 58. 
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CLAIM 2, 5 J, and 58 

The Examiner rejects claim 2, 53, and 58 as being allegedly obvious over Kelly (J. Clin. 
Invest. 1996 Feb 15;97(4): 1056-63) (" Kelly ") in view of Kuberasampath (WO 93/04692) 
(" Kuberasampath ") and Lefer (J. Mol. Cell. Cardiol. 1992 Jun; 24(6):585-93) ("Lefer"). Claim 
58 is rejected with regard to pre-renal cause in further view of Anderson (Chapter 275, in 
Harrison's Principles of Internal Medicine, 1980) (" Anderson ") and Brady (Chapter 236, in 
Harrison's Principles of Internal Medicine, 1994) (" Brady "). 

The Examiner's argument for rejecting claim 2, 53, and 58 may be outlined as follows: 

(1) Kelly suggests that agents that block ICAM-adhesiveness or that block 
polymorphonuclear cell (PMC) activity might be effective in treating acute renal failure. 

(2) Kuberaampath teaches that the morphogen OP-1 is an anti-inflammatory agent that 
blocks ICAM adhesiveness. 

(3) Lefer teaches that OP-1 is an anti-inflammatory agent that inhibits PMC activity. 

(4) Therefore, one skilled in the art would expect that the anti-inflammatory OP-1 would 
be successful in treating acute renal failure. 

The Examiner, then, assumes that if agent X is known to reduce inflammation, then one 
skilled in the art would reasonably expect that agent X would be effective in treating acute renal 
failure. Based on this central assumption, the Office Action concludes that since OP-1 is 
allegedly effective in treating inflammation then one skilled in the art would reasonably expect 
OP-1 to be effective in treating acute renal failure. 

As will be shown below, this argument fails because at the time the subject application 
was filed, anti-inflammatory agents were known to decrease renal function, or even to cause 
outright renal failure, when administered to subjects. In particular, Transforming Growth Factor 
Beta l(TGF(3l), Cyclosporin A (CsA) and Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) 
were documented in the scientific and medical literature to decrease renal function when 
administered to a subject. This clearly teaches away from use of anti-inflammatories in the 
treatment of acute renal failure. Accordingly, one skilled on the art would have expected that 
administration of the anti-inflammatory OP-1 to a mammal afflicted with acute renal failure 
would have aggravated, not improved, renal function in the mammal. In other words, one skilled 
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in the art would not have had a reasonable expectation that OP-1 , or other morphogens, would be 
effective in treating acute renal failure. 

(D A Reasonable Expectation of Success is Lacking for the Use of OP-1 to Improve Renal 
Function in Subjects Afflicted with Acute Renal Failure 

MPEP 706.02(j) sets forth three basic criteria needed to establish a prima facie case of 
obviousness: 1) the prior art references must teach or suggest all the claim limitations; 2) some 
motivation or suggestion, either found in the references themselves or in the knowledge 
generally available to one of ordinary skill in the art, to combine or modify the references must 
be present; and 3) a reasonable expectation of success. 

At least the third prong is not satisfied in this case. The Examiner has failed to show why 
one skilled in the art would have ignored the scientific literature documenting the adverse renal 
effects of anti-inflammatory agents, and why he would have selected the anti-inflammatory agent 
OP-1 to improve renal function in a subject with renal dysfunction (i.e. with acute renal failure). 
In fact, one skilled in the art would have expected that the morphogen OP-1 would not only fail 
to improve renal function in a subject afflicted with acute renal failure, but also that it would 
aggravate the renal dysfunction. The skilled artisan would not have expected OP-1 to be the 
exception among anti-inflammatory agents. 

(2) Anti-Inflammatory Drugs were Known to be Detrimental to Renal Function 

At the time the application was filed, it was well-documented in the scientific literature 
that anti-inflammatory agents reduced, rather than improved, renal function. 

On pages 10-16 of the Amendment filed on November 12, 2004, Applicants established 
that Transforming Growth Factor Beta l(TGFpi), Cyclosporin A (CsA) and Nonsteroidal Anti- 
Inflammatory Drugs (NSAIDs) were known at the time the subject application was filed to be 
both (i) anti-inflammatory agents which inhibit ICAM adhesiveness, and (ii) detrimental to renal 
function. The November 12, 2004 amendment included thirteen scientific publications, as 
Exhibits A-M, documenting the anti-inflammatory and the renal-adverse side effects of these 
three agents. Rather than reproducing this section of the previous office action in this appeal 
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brief, Appellants provide a summary of the documented adverse renal effects of these three 
agents in Table B below. The Board is nevertheless encouraged to review the arguments and the 
Exhibits as provided in the November 12, 2004 amendment in their entirety. 



Table B. ] 


Documentec 


adverse kidney effects of anti-inflammatory agents 


Agent 


Exhibit # 


Finding 


TGFpl 


D 


"Recent studies show that TGF-beta overexpression in experimental and 
human kidney diseases leads to progressive glomerular and 
tubulointerstitial scarring and renal failure, 11 (Abstract) 
"New therapies may prevent progressive fibrosis in chronic kidney disease 
by suppressing the action of TGF-beta." (Abstract) 


F 


"Overproduction of TGF-beta is the cause of pathologic matrix 
accumulation in the nephritic glomeruli" (Abstract) 
"Studies of humans with glomerulonephritis and diabetic nephropathy also 
strongly implicated TGF-beta in the pathogenesis of glomerular matrix 
build-up" (Abstract) 


CsA 


I 


"Cyclosporine A causes an acute reduction in GFR." (Abstract) (GFR 
stands for Glomerular Filtration Rate, a primary measure of renal function 


NSAIDs 


K 


"Approximately 1-5% of people who are exposed to a nonsteroidal anti- 
inflammatory drug (NSAID) will manifest one of a variety of renal 
function abnormalities . . . Renal abnormalities include fluid and electrolyte 
disturbances, acute deterioration of renal function, nephritic syndrome with 
interstitial nephritis, and papillary necrosis" (Page 588, columns 1-2) 
"from the clinical point of view, the most worrisome renal side effect of 
NSAIDs is hemodynamically mediated acute renal failure, which occurs in 
individuals with pre-existing reduced renal blood perfusion" (Page 588, 
column 2) 


L 


"Patients with pre-existing risk factors are susceptible to potentially life- 
threatening toxicities [form NSAIDs], including acute renal failure (ARF) 
and serious fluid and electrolyte disorders" (page S-61, column 1) 


M 


"Among persons with normal renal function, who have no other risk 
factors (dehydration) for an acute hemodynamic effect, there is no risk. 
However, NSAID administration to susceptible persons may cause 
decrements in renal plasma flow and glomerular filtration rate within 
hours" (Abstract) 



(3) One skilled in the Art Would Have Expected that Administration of OP-1 to a Mammal 
Afflicted with Acute Renal Failure Would Reduce, not Increase, Renal Function 

OP-1 shares two key properties with TFGpi, CsA and NSAIDs: (i) it decreases ICAM 
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adhesiveness and (ii) it decreases PMC activity. OP-1 and TFGpl are also members of the 
TFGp superfamily of growth factors. The Examiner has focused exclusively on OP-1 's anti- 
inflammatory property as the key attribute in making it a seemingly successful candidate for 
treating Acute Renal Failure (ARF). 

But at the time the application was filed, anti-inflammatory agents were documented to 
actually cause renal dysfunction, especially in subjects with already impaired renal function. One 
skilled in the art would have expected that OP-1, just like its counterpart anti-inflammatory 
agents TFGpl, CsA and NSAIDs, would further impair renal function in a subject afflicted with 
acute renal failure. One skilled in the art would have expected that administration of the anti- 
inflammatory OP-1 polypeptide, based on its anti-inflammatory and neutrophil adhesion- 
inhibiting properties that it shares with NSAIDs, would reduce , rather than increase, renal 
function. If anything, the documented anti-renal effects of anti-inflammatory agents taught away 
from administering anti-inflammatory agents, such as OP-1, to subjects with impaired renal 
function. 

While having the burden of proof, the Examiner has failed to establish why one skilled in 
the art would have made OP-1 the exception amongst anti-inflammatory agents. He has failed to 
show why one would have expected OP-1 to be the anomaly and to actually improve renal 
function where other anti-inflammatory agents failed. The burden of going forward was and is 
on the Examiner to overcome the presumption of lack of reasonable expectation of success 
legitimately established by applicant using documentary evidence during prosecution. Because 
he has failed to do so, he has failed to establish a prima facie case of obviousness in accordance 
with MPEP 706.020). 

(4) The Examiner's Counterarguments Fail to Address Why OP-1 Would Have Been Expected to 
Be the Exception Among Anti-inflammatory Agents 

In response to Appellants arguments, the Examiner alleges that there is no evidence of 
record that OP-1 possesses any of the renal side effects of TGF(3l, CsA or NSAIDS. The 
Examiner claims that applicants have not met a burden of proof in providing a nexus between (i) 
anti-inflammatory agents inhibiting ICAM adhesiveness and (ii) anti-inflammatory agents being 
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detrimental to acute renal function. But the burden is on the Examiner, not on applicants, to 
establish the third prong of the prima facie case of obviousness. It is the Examiner who must 
present evidence why one skilled on the art would have expected a fourth anti-inflammatory 
agent (OP-1) to be the exception among anti-inflammatories - to show why a fourth anti- 
inflammatory would be effective in treating acute renal failure when the three others anti- 
inflammatory agents impair renal function. The Examiner wants Appellants to provide evidence 
that OP-1 had the adverse renal effects of the other anti-inflammatory agents. But this is 
impossible because Appellants discovered that, contrary to expectation, OP-1 could improve 
renal function. 

With regard to Claim 2 and 58, adding Anderson and Brady as references does not cure the 
defect of the Examiner's argument based on Kelly in view of Kuberasampath and Lefer. 
Appellants have shown that Kelly in view of Kuberasampath and Lefer, regardless of whether in 
further view of Anderson and Brady, does not make the claims at issue obvious. 

The Examiner has made some additional rebuttals on previous Office Actions, but none 
of them address the heart of the matter: why would OP-1 be the exception among anti- 
inflammatory agents? Some of these rebutting arguments are as follows: 

(i) The Examiner alleges that despite the evidence showing the ineffectiveness of anti- 
inflammatories in treating ARF, one could not have known for sure whether OP-1 would fail in 
treating ARF until it was actually tested. The Examiner's position turns the test for obviousness 
on its head. The standard is the reasonable expectation that the invention would work 
successfully, and not whether there was the infinitesimal chance that OP-1 might improve renal 
function contrary to expectation. Indeed, since there is no evidence supplied by the Examiner 
that OP-1 would be effective in treating ARF, and documentary evidence shows that other anti- 
inflammatories were ineffective, there is no prima facie case of obviousness. 

(ii) The Examiner points to differences between OP-1 and TGFpl in bone formation to 
suggest that the two molecules might have different biological properties in treating other organs. 
The question, however, is not whether the possibility exists, no matter how small, that two 
compounds can have different properties. The question is what properties one skilled in the art 
would have expected the morphogens to have and why one would have expected OP-1 to be an 
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exception. Merely pointing out that OP-1 is a different compound than TGFpl, CsA or an 
NSAID, proves nothing. TGF(3l, CsA or an NSAID all have different structures from each other 
yet they all reduce inflammation and reduce renal function. The common teaching of such prior 
art is that anti-inflammatories generally have an adverse effect on renal function. The claimed 
invention runs counter to conventional wisdom. 

(iii) The Examiner seeks to prematurely shift the burden of proof to Applicants, when the 
Examinees own initial burden of proof has not yet been satisfied. Specifically, the Examiner is 
requiring applicants to prove that OP-1 would not be expected to exhibit the harmful renal effects 
of other anti-inflammatory agents, when it is the Examiner who bears the initial burden of showing 
why OP-1 should be considered as the exception amongst anti -inflammatory agents. MPEP 2142 
imposes the initial burden on the examiner, and this burden has not been meet. 

CLAIM 61 

As indicated in the preceding section, a reasonable expectation of success has not been 
established for claim 2, 53, and 58. Claim 61 is identical to claim 58 except that it further recites 
"wherein the agent is administered continuously during the period of acute renal failure" and 
"wherein the period of acute renal failure lasts from one to three weeks." Therefore, the failure to 
establish a reasonable expectation of success for the method of claim 58 also applies to the 
method of claim 61, thus rendering claim 61 nonobvious. 

A failure to establish a prima facie case of obviousness for claim 61 also arises from the 
failure of the Examiner to establish a basis as to how the combination of cited references teaches 
or suggests all the elements of claim 61 . In particular, the Examiner has not shown how the 
combination of cited references allegedly teaches (i) the treatment of a period of acute renal 
failure lasting from only one to three weeks; and (ii) the continuous administration of OP-1 during 
this one to three week period of acute renal failure. 

Rather than specifically pointing out how these two elements are allegedly taught by the 
combination of references, the Examiner merely alleges that "the differences between the 
teachings of the references relied upon and the limitations of claims 60-65 would have been 
obvious absent any evidence that these differences are unexpected and unobvious" (page 3, lines 
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6-8 of the Office Action dated September 26, 2006). A single circular conclusory statement, 
however, is insufficient to satisfy the Examiner's burden of establishing a prima facie case of 
obviousness under MPEP § 706.02(j). The Examiner must specifically point out how all the 
elements of claim 61, including the two cited above, are allegedly taught by the combination of 
references, must point out how the references could be combined to achieve the claimed method, 
and must point out why one skilled in the art would have had a reasonable expectation of success 
in treating acute renal failure by administering the morphogen only during a period of one to 
three weeks. Since the Examiner has failed to show meet these three burdens, a prima facie case 
of obviousness has not been made. 



CLAIM 64 

As indicated in the preceding section, a reasonable expectation of success has not been 
established for claims 2, 53 and 58. Claim 64 is identical to claim 58 except that it further recites 
"wherein the mammal is afflicted with osteodystrophy. 11 Therefore, the failure to establish a 
reasonable expectation of success for the method of claim 58 also applies to the method of claim 
64, rendering claim 64 also nonobvious. 

A failure to establish a prima facie case of obviousness also arises from the failure of the 
Examiner to establish a basis as to how the combination of cited references teaches or suggests 
the treatment of a subject afflicted with osteodystrophy as recited in claim 64. 

The Examiner has not identified any teachings or suggestions in the combination of cited 
references for treating subjects who are additionally afflicted with osteodystrophy. Instead, the 
Examiner impermissibly tries to use the specification itself as one of the 103(a) references. The 
Examiner claims to use "the specification as a dictionary for [the] definition of subjects for 
treatment" (page 3, lines 20-21 of the Office Action dated September 21, 2006), and concludes 
that it would have been obvious to treat a subject afflicted with osteodystrophy. 

But it is the combination of cited reference, and not the specification of the subject 
application, that must teach or suggest all the claim elements. This section of the specification 
states that "[i]n some number of cases, however, the subjects may present with other symptoms 
(e.g. osteodystrophy) for which morphogen treatment would be indicated." (page 12, lines 5-6). 
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The Examiner cannot use the specification as a reference against itself. The suggestion or 
teaching to treat subjects afflicted with osteodystrophy must be found in the prior art. And the 
section of the specification cited by the Examiner is not providing any type of definition. It is 
showing embodiments of subjects that may be treated with OP-1 . 

The Examiner has failed to meet his burden of establishing why treatment of ARF 
patients additionally afflicted with osteodystrophy is allegedly taught by the prior art, and 
therefore has failed to make a prima facie case of obviousness under MPEP § 706.020). 



In sum, the Examiner has not established a prima facie case of obviousness, either over 
Kelly in view of Kuberasampath and Lefer, on their own or in further view of Anderson and 
Brady, since he failed to show a reasonable expectation of success for using anti-inflammatory 
morphogens to improve renal function because anti-inflammatory agents were expected to do the 
opposite: to decrease renal function, i.e., the prior art teaches away from the present invention. 
Therefore, all independent claims are nonobvious over the cited references, including claims 2, 
53, 58, 61 and 64. Furthermore, for claims 61 and 64, the Examiner has failed to show how the 
cited references teach or suggest all their claim elements. 

Applicant believes no fee is due for the filing of this Appeal Brief. However, if fee is 
due, please charge our Deposit Account No. 18-1945, under Order No. JJJ-P01-514 from which 
the undersigned is authorized to draw. 

Dated: September 20, 2007 Respectfully submitted, 
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Erika Takeuchi 
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ROPES & GRAY LLP 
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(212) 596-9000 
(212) 596-9090 (Fax) 
Attorneys/Agents For Applicant 
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VIII. CLAIMS APPENDIX 

The claims involved in the present appeal are shown below. Canceled claims are not 
shown. No claims are presently allowed. 

2. A method of effecting an improvement in a standard marker of renal function in a 

mammal afflicted with acute renal failure, the method comprising administering to said 
mammal a therapeutically effective amount of an OP/BMP renal therapeutic agent 
comprising a polypeptide comprising a sequence at least 70% homologous to the C 
terminal seven-cysteine domain of human OP-1, the sequence of the C terminal seven- 
cysteine domain of human OP-1 being set forth at residues 330-431 of human OP-1, 
wherein said renal therapeutic agent: 

(a) induces chondrogenesis in an ectopic bone assay; or 

(b) prevents, inhibits, delays or alleviates loss of renal function resulting from acute 
renal failure in an animal model of acute renal failure; 

thereby effecting an improvement in a standard marker of renal function in the mammal 
afflicted with acute renal failure. 

5. The method of claim 2 or 53, wherein said renal therapeutic agent comprises a polypeptide 
consisting of at least a C-terminal cysteine domain of a protein selected from the group 
consisting of a pro form, a mature form, and a soluble form of a polypeptide selected from 
the group consisting of OP-1, OP-2, OP-3, BMP2, BMP3, BMP4, BMP5, BMP6, and 
BMP9. 

6. The method as in claim 5, wherein said renal therapeutic agent comprises a polypeptide 
consisting of at least a C-terminal cysteine domain of a protein selected from the group 
consisting of a pro form, a mature form, and a soluble form of human OP-1 . 

8. The method of claim 2, wherein said polypeptide has at least 75% homology with an amino 
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acid sequence of a seven-cysteine domain of human OP-1. 

9. The method of claim 2, wherein said polypeptide has at least 80% homology with an amino 
acid sequence of a seven-cysteine domain of human OP-1. 

1 1 . The method of claim 53, wherein said polypeptide has at least 65% identity with an amino 
acid sequence of a seven-cysteine domain of human OP-1 . 

12. The method of claim 53, wherein said polypeptide has at least 70% identity with an amino 
acid sequence of a seven-cysteine domain of human OP-1 . 

14. The method of claim 2 or 53, wherein said renal therapeutic agent is selected from the 
group consisting of human osteogenic proteins and human bone morpho genie proteins. 

15. The method of claim 2 or 53, wherein serial determination of BUN in said mammal 
indicates a rate of increase in BUN of at least 2 to 4 mmol/L/day (5 to 10 mg/dL/day). 

16. The method of claim 2 or 53, wherein serial determination of BUN in said mammal 
indicates a rate of increase in BUN of at least 4 to 8 mmol/L/day (10 to 20 mg/dL/day). 

17. The method of claim 2 or 53, wherein serial determination of serum creatinine in said 
mammal indicates a rate of increase in serum creatinine of at least 20 to 40 |imol/L/day 
(0.25 to 0.5 mg/dL/day). 

18. The method of claim 2 or 53, wherein serial determination of serum creatinine in said 
mammal indicates a rate of increase in serum creatinine of at least 40 to 80 ^imol/L/day 
(0.5 to 1.0 mg/dL/day). 

19. The method of claim 2 or 53, wherein said mammal is afflicted with acute renal failure 
caused by a pre-renal cause, a post-renal cause, or an intrinsic renal cause. 
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20. The method of claim 19, wherein said mammal is afflicted with acute renal failure caused 
by a pre-renal cause selected from the group consisting of decreased cardiac output, 
hypovolemia, volume redistribution, and altered vascular resistance. 

21 . The method of claim 19, wherein said mammal is afflicted with acute renal failure caused 
by a post-renal cause selected from the group consisting of ureteral, pelvic and bladder 
obstructions. 

22. The method of claim 19, wherein said mammal is afflicted with acute renal failure caused 
by an intrinsic renal cause selected from the group consisting of abnormalities of the 
vasculature, abnormalities of the glomeruli, acute interstitial nephritis, intratubular 
obstruction, renal artery occlusion and acute tubular necrosis. 

23. The method of claim 2 or 53, wherein said mammal is a kidney transplant recipient. 

24. The method of claim 2 or 53, wherein said mammal possesses only one kidney. 

25. The method of claim 2 or 53, wherein said administration is oral. 

26. The method of claim 2 or 53, wherein said administration is parenteral. 

27. The method of claim 2 or 53, wherein said administration is intravenous. 

28. The method of claim 2 or 53, wherein said administration is intraperitoneal. 

29. The method of claim 2 or 53, wherein said administration is into the renal capsule. 

30. The method of claim 26, wherein a stent has been implanted into said mammal for said 
administration. 
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3 1 . The method of claim 30, wherein said stent is an intravenous stent. 

32. The method of claim 30, wherein said stent is an intraperitoneal stent. 

33 . (The method of claim 30, wherein said stent is a renal intracapsular stent. 

34. The method of claim 26, wherein said administration is by an implanted device. 

35. The method of claim 2 or 53, wherein said administration is daily for a period of at least about 
one week. 

36. The method of claim 2 or 53, wherein said administration is at least once a week for a period of 
at least about one month. 

37. The method of claim 2 or 53, wherein said renal therapeutic agent is administered at a dosage 
of about 0.0 1 - 1 000 \ig/kg body weight of said mammal. 

38. The method of claim 37, wherein said renal therapeutic agent is administered at a dosage of 
about 0. 1 - 1 00 \xg/kg body weight of said mammal. 

53. A method of effecting an improvement in a standard marker of renal function in a 

mammal afflicted with acute renal failure, the method comprising administering to said 
mammal a therapeutically effective amount of an OP/BMP renal therapeutic agent 
comprising a polypeptide comprising a sequence at least 60% identical to the C terminal 
seven-cysteine domain of human OP-1, the sequence of the C terminal seven-cysteine 
domain of human OP-1 being set forth at residues 330-431 of human OP-1, wherein said 
renal therapeutic agent: 

(a) induces chondrogenesis in an ectopic bone assay; or 

(b) prevents, inhibits, delays or alleviates loss of renal function resulting from acute 
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renal failure in an animal model of acute renal failure; 
thereby effecting an improvement in a standard marker of renal function in the mammal 
afflicted with acute renal failure. 

54. The method of claim 53, wherein the standard marker of kidney function is a rate of increase in 
BUN levels, rate of increase in serum creatinine, static measurement of BUN, static 
measurement of serum creatinine, glomerular filtration rate (GFR), ratio of BUNAcreatinine, 
serum concentration of sodium (Na+ ), urine/plasma ratio for creatinine, urine/plasma ratio for 
urea, urine osmolality, or daily urine output. 

55. The method of claim 2, wherein the standard marker of kidney function is a rate of increase in 
BUN levels, rate of increase in serum creatinine, static measurement of BUN, static 
measurement of serum creatinine, glomerular filtration rate (GFR), ratio of BUN/creatinine, 
serum concentration of sodium (Na+), urine/plasma ratio for creatinine, urine/plasma ratio for 
urea, urine osmolality, or daily urine output. 

56. The method of claim 2, wherein administration of the OP/BMP renal therapeutic agent delays 
the need for, or reduces the frequency of, dialysis treatments of the mammal afflicted with acute 
renal failure. 

57. The method of claim 53, wherein administration of the OP/BMP renal therapeutic agent 
delays the need for, or reduces the frequency of, dialysis treatments of the mammal afflicted with 
acute renal failure. 

58. A method of effecting an improvement in a standard marker of renal function in a 
mammal afflicted with acute renal failure, the acute renal failure being one arising from a 
pre-renal cause of acute renal failure, the method comprising administering to said 
mammal a therapeutically effective amount of an OP/BMP renal therapeutic agent 
comprising a polypeptide comprising a sequence at least 60% identical or 70% 
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homologous to the C terminal seven-cysteine domain of human OP-1 , the sequence of the 
C terminal seven-cysteine domain of human OP-1 being set forth at residues 330-431 of 
human OP-1, wherein said renal therapeutic agent: 

(a) induces chondrogenesis in an ectopic bone assay; or 

(b) prevents, inhibits, delays or alleviates loss of renal function resulting from acute 
renal failure in an animal model of acute renal failure; 

thereby effecting an improvement in a standard marker of renal function in the mammal 
afflicted with acute renal failure arising from a pre-renal cause of acute renal failure. 

59. The method of claim 58, wherein the pre-renal cause of acute renal failure is selected 
from decreased cardiac output, hypovolemia, volume redistribution, and altered vascular 
resistance. 

60. The method of claim 58, wherein the agent is administered-continuously during the 
period of acute renal failure. 

61 . A method of effecting an improvement in a standard marker of renal function in a 
mammal afflicted with acute renal failure, the acute renal failure being one arising from a 
pre-renal cause of acute renal failure, the method comprising administering to said 
mammal a therapeutically effective amount of an OP/BMP renal therapeutic agent 
comprising a polypeptide comprising a sequence at least 60% identical or 70% 
homologous to the C terminal seven-cysteine domain of human OP-1, the sequence of the 
C terminal seven-cysteine domain of human OP-1 being set forth at residues 330-431 of 
human OP-1, wherein said renal therapeutic agent: 

(a) induces chondrogenesis in an ectopic bone assay; or 

(b) prevents, inhibits, delays or alleviates loss of renal function resulting from acute 
renal failure in an animal model of acute renal failure; 

wherein the agent is administered continuously during the period of acute renal failure, 
wherein the period of acute renal failure lasts from one to three weeks, 
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thereby effecting an improvement in a standard marker of renal function in the mammal 
afflicted with acute renal failure arising from a pre-renal cause of acute renal failure. 



62. The method of claim 58, wherein the acute renal failure is characterized by a 
deterioration of renal function over a period of a few days. 

63. The method of claim 58, wherein serial determination of serum creatinine in said 
mammal indicates a rate of increase in serum creatinine exceeding 100 mg/dL/day. 

64. A method of effecting an improvement in a standard marker of renal function in a 
mammal afflicted with acute renal failure, the acute renal failure being one arising from a 
pre-renal cause of acute renal failure, the method comprising administering to said 
mammal a therapeutically effective amount of an OP/BMP renal therapeutic agent 
comprising a polypeptide comprising a sequence at least 60% identical or 70% 
homologous to the C terminal seven-cysteine domain of human OP-1, the sequence of the 
C terminal seven-cysteine domain of human OP-1 being set forth at residues 330-431 of 
human OP-1, wherein said renal therapeutic agent: 

(a) induces chondrogenesis in an ectopic bone assay; or 

(b) prevents, inhibits, delays or alleviates loss of renal function resulting from acute 
renal failure in an animal model of acute renal failure; 

wherein the mammal is afflicted with osteodystrophy, 

thereby effecting an improvement in a standard marker of renal function in the mammal 
afflicted with acute renal failure arising from a pre-renal cause of acute renal failure. 

65. The method of claim 58, wherein the mammal requires continuous hemodialysis sessions. 
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IX. EVIDENCE APPENDIX 

No evidence pursuant to §§ 1.130, 1 . 1 3 1 , or 1 . 1 32 or entered by or relied upon by the 
Examiner is being submitted. References previously cited by Appellant during prosecution and 
are relied upon to support this Appeal Brief are included as Exhibits D, F, 1, K, L, and M. 

X. RELATED PROCEEDINGS APPENDIX 

No related proceedings are referenced in section II above. Therefore, copies of decisions 
in related proceedings do not exist; hence none are included. 
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NOTICE THIS MATERIAL : K; f BE PROTECTED 
BY COPYRIGHT LAW (TITLE 17 U.S. CODE) 



Increased expression of transforming 
growth factor-)} in renal disease 

Markus Ketteler, MD, Nancy A. Noble, PhD, 
and Wayne A. Border, MD 

University of Utah School of Medicine, Salt Lake City, Utah, USA 

Transforming growth factor-P (TGF-p) is a multifunctional cytokine 
and a major regulator of tissue repair and extracellular matrix. 
Recent studies show that TGF-P overexpression in experimental 
and human kidney diseases leads to progressive glomerular and 
tubulointerstitial scarring and renal failure* New evidence suggests 
that angiotensiri-converting enzyme inhibitors and a low-protein 
diet may slow the progression of chronic kidney diseases in part 
by suppressing TGF-P overexpression. New therapies may prevent 
progressive fibrosis in chronic kidney disease by suppressing the 
action of TGF-p, 

Current Opinion in Nephrology and Hypertension 1994, 3:446-452 



Chronic progressive kidney diseases are character- 
ized by the accumulation of fibrotic tissue in the 
glomerulus and in the tubulointerstitium [1,2], This 
process leads to progressive loss of kidney func- 
tion and finally to kidney failure, regardless of the 
primary disorder [1,21. Transforming growth factor- 
p (TGF-P) has been identified as an important me- 
diator of chronic fibrosis in several disease states 
[2-41. The role of TGF-p in fibrogenesis is bene- 
ficial in wound repair but deleterious in chronic 
fibrotic diseases. This revieW characterizes briefly 
the biology of TGF-P, summarizes recent experi- 
mental data on its role in kidney diseases, and out- 
lines potential therapeutic strategies to target TGF 
overexpression in disease. 



Molecular biology 

Transforming growth factor-P belongs to a family 
of multifunctional cytokines that are dimeric pro- 
teins with a molecular weight of approximately 25 
kD [5 # ,61. Three isoforms CTGF-Pi, -fc, and -P3) lo- 
cated on different chromosomes have been identi- 



fied in mammalian species [5\61. Cleavage from a 
larger precursor molecule is necessary for TGF-P to 
exert biologic activity in tissues [5\fl. Three differ- 
ent- TGF-p receptors have been identified. Recent 
data suggest that the type I and type II receptors 
are involved in signal transduction, whereas the 
type in receptor may serve as a TGF-p-binding 
reservoir [61. 

Transforming growth factor-p plays a major bio- 
logic role in the regulation of cellular prolifer- 
ation and growth, extracellular matrix synthesis, 
chemoattraction, angiogenesis, and in the induc- 
tion of cytokines or their receptors [2-4,5',<3. TGF- 
p can induce its own synthesis by cells exposed 
to it [7,8L This property of autoinduction may be 
central to its continued overexpression in chronic 
fibrosis. TGF-p profoundly alters three processes 
involved in extracellular matrix deposition: 1) it 
induces synthesis of numerous extracellular ma- 
trix proteins; 2) it decreases matrix degradation 
by down-regulation of proteases and induction of 
protease inhibitors; and 3) it enhances the expres- 
sion of integrins on the ceil surface, which facili- 
tates the deposition of matrix [5*1. These properties 
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are of major importance in normal wound healing. 
When normal repair is complete TGF-p expression 
returns to normal. In contrast, chronic fibrosis is 
characterized by continuous TGF-p overexpression 



Acute renal injury 

The basic studies on the role of TGF-p in glomeru- 
lar injury and repair were performed in a rat 
model of immune-mediated, mesangioproliferative 
glomerulonephritis induced by antithymocyte anti- 
bodies CATS) [10-14]. ATS recognizes a thy-l-like 
antigen on the mesangial cell surface and induces 
complement-dependent mesangial cell lysis [11]. 
The subsequent mesangial cell proliferation and 
glomerular extracellular matrix accumulation re- 
semble the changes observed in mesangioprolifera- 
tive glomerulonephritis in humans except these are 
self-limiting and normalize within several months. 

Using this model, we demonstrated that TGF-p 
expression increases in parallel with extracellur 
lar matrix deposition [10]. Administration of TGF- 
p-neutralizing antibodies in vivo prevented extra- 
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cellular matrix accumulation thus identifying TGF-P 
as a key mediator of fibrosis in this model [121. 

The fibrogenic effects of TGF-p were shown to 
be due to three actions. First, TGF-p induced the 
synthesis of the extracellular matrix components 
that accumulate in glomerulosclerosis (10,12]. Sec- 
ond, TGF-p decreased the action of the plasmin 
protease system, which is thought to be impor- 
tant in extracellular matrix turnover [13]. TGF-P 
decreases the action of plasmin by depressing syn- 
thesis of the enzyme needed to generate plas- 
min and plasminogen activator, and simultaneously 
increases synthesis of its inhibitor plasminogen 
activator inhibitor type 1 [131 Third, synthesis of 
pi integrins, which play an important role in extra- 
cellular matrix assembly, was increased in ATS-in- 
duced glomerulonephritis following elevated TGF- 
p expression [14]. Interestingly, die addition of 
TGF-P to normal glomeruli in culture also in- 
creased the synthesis of matrix components, inhib- 
ited the plasmin protease system, and upregulated 
the expression of pi integrins on the cells' surface 
[10,13,14]. 

Increased TGF-P expression has also been re- 
ported in mesangioproliferative glomerulonephritis 
induced by Habu snake venom, in animal models 

Fig. 1. Glomerular transforming 
growth factor-0 (TGF-p) expres- 
sion in streptoxocin-lnduced dia- 
betes In the rat TGF-P (A), blgly- 
can (0), and the control enzyme 
gryceraldehyde-3-phosphate dehy- 
drogenase (O messenger RNA ex- 
pression in glomeruli as detected 
by Northern blot hybridization at 
15 weeks after induction of dia- 
betes. Relative Increases of TGF- 
P (05 and bigfycan (E) messenger 
RNA in the time course of dia- 
betes are diagrammed. Glomerular 
TGF-0 protein expression is shown 
by Immunofluorescence in control 
rats (F) versus in untreated rats 
with diabetes 15 weeks after In- 
duction of diabetes (G). C— control 
rats; CI — control rats treated with 
Insulin; D— rats with diabetes; 
Dl— rats with diabetes treated with 
Insulin. (From Yamamoto et al. 
(24**J; with permission.) 
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of crescentic nephritis induced by antiglomeru- 
lar basement membrane antibodies, and in acute 
tubulointerstitial injury (puromydn aminonucleo- 
side nephrosis) 115-171. In all cases, TGF-p ex- 
pression was accompanied by increased matrix 
protein deposition. In crescentic nephritis, urinary 
TGF-P excretion was correlated with the degree of 
glomerular sclerosis, suggesting that urinary TGF- 
p might be a useful indicator in progressive renal 
disease [18], Recently, TGF-p upregulation was ob- 
served following unilateral ureteral ligation in a rat 
model of obstructive nephropathy [191 Together, 
these studies show that the kidney responds to 
injury with increased TGF-p expression that, in 
turn, causes fibrosis. 



Chronic renal disease 

Early studies in acute models of renal injury 
pointed to a key role of TGF-P induction in 
renal disease. The question of whether or not 
sustained TGF-p expression played a role in 
chronic progressive kidney disease, however, re- 
mained unaddressed. We answered this question 
by the induction of chronic renal disease using 
two injections of ATS 19**]. Two consecutive in- 
jections of ATS given 1 week apart led to pro- 
gressive glomerular and tubulointerstitial sclero- 
sis accompanied by increasing proteinuria I9**l 
In the one-injection ATS model TGF-P expres- 
sion normalized after several weeks, but rats 
given two ATS injections showed progressively 
increased glomerular TGF-p expression that with 
time involved the tubulointerstitium 19", 10]. Histo- 
logic changes closely resembled those seen during 
the development of severe renal fibrosis in humans 
[9~], Both TGF-p expression and TGF-p receptors 
were increased in another model of chronic re- 
nal disease induced by doxorubicin hydrochloride 
(adriamycin model) [201 



Repeated injections of puromycln aminonudeoside 
also led to chronic renal fibrosis [211 When fibro- 
sis was apparent in this disease model, glomeru- 
lar TGF-P messenger RNA expression was 15 
times elevated compared with control animals [211 
Platelet-derived growth factor and basic fibroblast 
growth factor expression were increased, but to a 
lesser extent [21]. Because TGF-p is a potent in- 
ducer of platelet-derived growth factor protein and 
receptor expression, it likely enhances the effects 
of other growth factors in chronic progressive kid- 
ney disease [22]. 

Insulin-dependent diabetes mellitus can be in- 
duced in rats by a bolus injection of streptozocin 
[231 and the diabetic complications of retinopathy 
and nephropathy develop within months. In hu- 
mans, diabetic nephropathy is the leading cause 
of renal failure and is characterized by progres- 
sive diffuse glomerulosclerosis. We hypothesized 
that TGF-P is involved in this process. Progres- 
sive increases in TGF-p messenger RNA expres- 
sion were seen in glomeruli obtained from dia- 
betic rats as early as 6 weeks after induction of 
disease (Fig. 1) [24"]. This increase paralleled de- 
position of fibronectin and tenascin, two important 
components of extracellular matrix. It was also re- 
cently reported that glomerular collagen synthesis 
is upregulated by TGF-P in diabetic rats [251 

An important experiment confirmed the ability of 
TGF-P alone to cause glomerulosclerosis. Isaka 
et al [26**] injected liposomes containing TGF-P 
complementary DNA into the left renal artery 
of otherwise normal rats. This was followed by 
increased expression of the TGF-P protein and se- 
vere glomerulosclerosis within 7 days. The right 
kidney was completely unaffected by this proce- 
dure, which clearly demonstrates that TGF-P alone 
is a potent inducer of extracellular matrix accumu- 
lation in glomeruli. 



Table t. Elevated transforming growth factor-? expression in experimental renal disease 


Study 


Model 


Disease 


Yamamoto et at. (9**] 
Okuda e/a/. [10] 
Barnes and Abboud (15} 
Coimbraefa/. H6] 
Jonesefa/. (17J 
Kaneto etal (19] 
Tamakl etsL [20] 
Nalcamura et a/. (21 1 
Yamamoto et al. [24"} 
Junatd eta!.[32\ 


Animal (chronic) 
Animal (acute) 
Animal (acute) 
Animal (acute) 
Animal (acute) 
Animal (acute) 
Animal (chronic) 
Animal (chronic) 
Animal (chronic) 
Animal (chronic) 


Glomerulosclerosis (induced by repeated antithymocyte antibody injections) 
Antithymocyte antibody-induced glomerulonephritis 
Mesangbproliferative glomerulonephritis (Habu snake venom) 
Arrti glomerular basement membrane nephritis 
Puromycln aminonudeoside nephrosis 
Unilateral ureteral ligation 

Glomerulosclerosis Gnduced by adriamycin injection) 

Glomerulosclerosis (induced by repeated puromycln aminonudeoside injections) 

Diabetic nephropathy 

Remnant kidney (subtotal nephrectomy) 
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All of these studies show that TGF-p is a major 
mediator of chronic glomerular and tubulointersti- 
tial fibrosis in progressive kidney diseases. Inves- 
tigations using numerous other models of organ 
fibrosis in liver, lung, skin, arteries, and central 
nervous system confirm that TGF-P plays a role in 
chronic fibrosis [23]/ 



Human kidney disease 

Recent reports show that the experimental data 
presented thus far are relevant to progressive kid- 
ney disease in humans. Kidney biopsies from pa- 
tients with overt diabetic nephropathy showed sig- 
nificandy increased glomerular TGF-p expression 
compared both with normal kidney tissue and 
with material obtained from patients with minimal 
change disease and thin basement membrane dis- 
ease; these diseases do not progress to sclerosis 
[24"]. The quantity of staining closely correlated 
with the severity of glomerulosclerosis. Table 1 
lists renal disease models in which elevated TGF-P 
expression has been found. 



The renin-angiotensin system and 
transforming growth factor-ft 

Angiotensin II is thought to damage kidneys by 
increasing glomerular hydrostatic capillary and sys- 




temic blood pressure 1271. The beneficial effects of 
angiotensin-converting enzyme (ACE) inhibitors in 
slowing disease progression support this point of 
view [281, Recent studies on the interaction of the 
renin-angiotensin system and TGF-p suggest that 
another pathway exists. 

Gibbons et aL [291 showed that angiotensin II in- 
duces TGF-p messenger RNA expression in cul- 
tured vascular smooth muscle cells. Wolf et aL 
[30] confirmed these findings in proximal tubular 
cells in vitro, and both studies demonstrated that 
angiotensin IWnduced TGF-p expression leads to 
hypertrophic growth. Using cultured rat mesangial 
cells, we recently reported that angiotensin n stim- 
ulates TGF-p expression and that TGF-p then in- 
duces increased synthesis of matrix proteins 131-J. 
In vivo subcutaneous infusion of angiotensin II 
led to increased glomerular TGF-P gene expres- 
sion within 1 week. This increase was associated 
with the induction of collagen type I messenger 
RNA and glomerular matrix accumulation [31**]. 
Interestingly, in unilateral ureteral ligation and in 
the remnant kidney model in the rat, TGF-P mes- 
senger RNA expression was significantly blunted 
by in vivo administration of an ACE inhibitor 
or an angiotensin D receptor antagonist, respec- 
tively [19,321. These data suggest that angiotensin 
II direcdy induces TGF-P, which in turn induces 
ftbrotic changes. 



fig- 2. The role of transforming growth factor- 
p (TGF-P) overexpression in the pathogenesis of 
glomerulosclerosis and potential targets of treat- 
ment PAI— plasminogen activator inhibitor. 



Therapeutic strategies targeting 
transforming growth foctor~p 
overexpression 

Three clear strategies exist to decrease TGF-0 ex- 
pression in vivo, inhibition of angiotensin n, low- 
protein diet, and direct antagonists of TGF-p. In 
addition to influencing the hemodynamic effects of 
angiotensin H, ACE inhibitors and angiotensin n re- 
ceptor antagonists may also inhibit the angiotensin 
IWnduced cascade of both increased TGF-P ex- 
pression and increased matrix protein synthesis 
and deposition. It will be interesting to determine 
whether or not these drugs lead to a reduction in 
TGF-p expression in vivo. 

Another treatment slowing the progression of 
some renal diseases is a low-protein diet, which 
decreases glomerular hyperfiltraUon and reduces 
plasma renin activity 135-351. We showed that di- 
etary protein restriction downregulated TGF-P ex- 
pression in ATS-induced glomerulonephritis [361. A 
decrease in the activity of the renin-angiotensin 
system may have contributed to this effect. Re- 
cent data from our laboratory suggest that re- 
striction of the amino acid L-arginine may be the 
key factor in low-protein diet because low dietary 
L-arginine also downregulates TGF-P expression in 
this model, even when total dietary protein in- 
take is normal [37]. Metabolites of L-arginine are 
involved in tissue injury (nitric oxide), cell prolifer- 
ation (polyamines), and collagen synthesis (L-pn> 
line), processes ongoing in many renal diseases. 

A number of antagonists of TGF-P are possible. 
Soluble receptors, antisense oligonucleotides, and 
humanized antibodies are three possibilities. An- 
other potential therapeutic antagonist is the proteo- 
glycan decorin, which binds and neutralizes TGF-p 
in vitro (381. Decorin is a normal extracellular ma- 
trix component that can be manufactured in large 
quantities using recombinant technology. In ATS- 
induced glomerulonephritis, the in vivo adminis- 
tration of decorin significantly blunted extracellu- 
lar matrix accumulation within the glomerulus and 
was as potent as an injection of TGF-P neutralizing 
antibody 1391 

The mechanism of decorin's antagonism of TGF-P 
and its efficacy in progressive kidney fibrosis are 
currently being studied. A study of the bleomycin 
model of pulmonary lung fibrosis in the rat found 
decreased decorin expression in the initial phases 
of the disease followed by increased expression 
during the reparative phase [40]. It is possible that 
decorin plays a role in the termination of normal 
wound repair by blocking the TGF-p effects and 
by interrupting TGF-P autoinduction. Progressive 



fibrosis might then represent a state of decorin 
deficiency. 



Conclusions 



The experimental and human studies reviewed 
show that TGF-p plays a causative role in glomeru- 
lar and tubulointerstitial fibrosis; potential mech- 
anisms are summarized in Figure 2. Antagonists 
of the action of TGF-P are therefore very promis- 
ing therapeutic agents. ACE inhibitors and low- 
protein diets may slow the progressive course of 
some kidney diseases by suppressing TGF-p ex- 
pression. Hie TGF-p binding proteoglycan decorin 
may become an antifibrotic drug for the treatment 
of chronic progressive kidney failure. 
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Transforming growth factor-p and the 
pathogenesis of glomerular diseases 

Wayne A* Border, MD 

University of Utah School of Medicine, Salt Lake City, Utah, USA 

Transforming growth factor-p (TGF-p) is a cytokine that is important in 
embryogenesis, development, carcinogenesis, and tissue repair. TGF-P 
is unique among cytokines in its widespread actions on the regulation 
of extracellular matrix. In a model of acute mesangial proliferative 
glomerulonephritis, it was shown that overproduction of TGF-p is the 
cause of pathologic matrix accumulation in the nephritic glomeruli. 
TGF-P acted to increase matrix production, inhibit matrix degradation, 
and modulate matrix receptors in the glomerulonephritic rats. Elevated 
( expression of TGF-P was also found in other experimental glomerular 
diseases, including diabetic nephropathy. Studies of humans with 
glomerulonephritis and diabetic nephropathy also strongly implicated 
TGF-p in the pathogenesis of glomerular matrix build-up. Recently, 
the proteoglycan decorin was shown to neutralize TGF-p. When 
injected into glomerulonephritic rats, decorin markedly suppressed 
pathologic matrix deposition in the glomeruli. Thus, decorin offers 
hope as a treatment for progressive kidney diseases caused by the 
overproduction of TGF-p. 

Current Opinion in Nephrology and Hypertension 1994, 3:54-58 



Extracellular matrix is composed of a mixture of in- 
teracting glycoproteins, collagens, and proteoglycans. 
Cells attach directly to the matrix by specific receptors, 
called integtins, that connect via the cytoskeleton to 
the nucleus, providing a direct line of communication 
between the cell and the outside world. Cell attach- 
ment to matrix is essential for differentiation and the 
formation of specific tissues and is also a key event 
in carcinogenesis and tissue repair. Recent evidence 
shows that essential biologic events, such as embryo- 
genesis, development, and tissue repair, are regulated 
by the actions of peptide factors called cytokines (or 
growth factors). Transforming growth factor-p (TGF-p) 
is a prototypical cytokine, and one of the major actions 
of TGF-P is regulation of extracellular matrix deposi- 
tion. TGF-p is unique among cytokines in its actions to: 
1) stimulate the synthesis of matrix proteins by cells, 2) 
inhibit the proteases that degrade matrix, and 3) mod- 
ulate integrins on the cell surface to allow greater bind- 
ing to matrix. These three actions strongly promote de- 
position and accumulation of matrix in tissues. Exces- 
sive deposition of extracellular matrix is the central fea- 
ture of fibrotic diseases, such as glomerulonephritis, di- 



abetic nephropathy, cirrhosis, and pulmonary fibrosis, 
that destroy organ function. A growing body of evi- 
dence strongly implicates TGF-p as the cause of these 
fibrotic diseases U* ( 2,3). Abboud [41 has provided an 
excellent overview of the action of cytokines, includ- 
ing TGF-p, in glomerulonephritis. 

Transforming growth factor-p and cultured 
glomerular cells , 

Previously, TGF-P was shown to stimulate the produc- 
tion of proteoglycans by cultured rat mesangial cells, 
whereas other cytokines (platelet-derived growth fac- 
tor [PDGfl, interieukin-1, and tumor necrosis factor) 
had no effect on matrix synthesis [5]. In a new report, 
this work was extended to rat glomerular (visceral) ep- 
ithelial cells 16], TGF-P was found to induce the pro- 
duction of fibronectin, type IV collagen, laminin, and 
biglycan. Of interest, TGF-P did not alter the synthesis 
of heparan sulfate, another component of the glomeru- 
lar basement membrane: As with the mesangial cells, 
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TGF-p did not stimulate cell proliferation. These results 
indicate that TGF-p, released in the glomerulus follow- 
ing injury, can cause both cell types to increase produc- 
tion of extracellular matrix. In a related study, TGF-P 
was found to increase the production of proteoglycans 
by rabbit renal proximal tubule cells and to increase the 
structural integrity of the cytoskeleton [71. These effects 
may be important in the regeneration of the tubule fol- 
lowing injury. 

All cells, except for contrived mutants, synthesize and 
release TGF-p. Mesangial cells in culture express a 2.5- 
kb TGF-P mRNA and constitutively secrete a substantial 
amount of TGF-p, mosdy in the latent form 181. TGF-P is 
proteolytically processed into a 25-kD mature homod- 
imer that is secreted noncovalendy bound to a portion 
of the precursor protein that confers biologic latency. 
Either acidic conditions or proteases, eg, plasmin, can 
dissociate the latency peptide and release active TGF-P. 
How TGF-P is activated in vivo is unknown, PDGF was 
found to not alter TGF-P expression, however, phor- 
bol ester did stimulate mesangial cells to express TGF- 
p mRNA. Thus, mesangial cells were shown to produce 
TGF-P in a manner implicating TGF-P as an autocrine 
factor that is biologically active in these cells [81. 

In wound repair, TGF-P and PDGF are companion cy- 
tokines with quite distinct actions. Both are released by 
platelets at sites of injury such as in areas of mesan- 
gial cell lysis following administration of antithymo- 
cyte serum, as employed in a popular experimental 
model of mesangial proliferative glomerulonephritis 
191. Under standard conditions TGF-P does not stimu- 
late mesangial cell proliferation and has unique actions 
on extracellular matrix, as already described [5,10]. In 
contrast, PDGF is a potent mitogen for mesangial cells 
but does not affect matrix synthesis [5,11]. Johnson 
et at. [9] emphasized the concept that PDGF-induced 
mesangial cell proliferation is a key component in 
mesangial matrix accumulation. Although dividing cells 
do produce matrix and an increased number of cells 
necessitates more matrix, it is clear that TGF-P is capa- 
ble of increasing matrix production without cell pro- 
liferation 151. Furthermore, TGF-p may regulate PDGF 
production by mesangial cells. TGF-P was shown to in- 
crease expression of mRNAs of both PDGF B chain and 
PDGF p-receptor [12]. The increased PDGF expression 
was associated with increased density of cell surface 
PDGF receptors and stimulation of mesangial cell pro- 
liferation. This report also summarized evidence from 
other cell lines in which PDGF is also regulated in a 
complex way by TGF-p (12]. One therapeutic implica- 
tion of this work is that blocking TGF-p may simultane- 
ously prevent matrix accumulation and excessive cell 
proliferation in glomerulonephritis. 



Mesangial proliferative glomerulone phritis 

Transforming growth factor-p has been shown to 
strongly induce matrix protein synthesis in cultured 



glomerular cells and, in vivo, in acute mesangial prolif- 
erative glomerulonephritis induced by injection of an- 
tithymocyte serum [5,6,131. A particularly powerful tool 
for investigating this model is the ability to acutely iso- 
late and. culture nephritic glomeruli in order to per- 
form molecular studies. The use of these techniques 
in glomerular disease was recently reviewed [14]. By 
day 4 of glomerulonephritis, there was a substantial in- 
crease in synthesis of proteoglycans and fibronectin by 
the nephritic glomeruli. Simultaneously, there was in- 
creased deposition of matrix in the mesangial areas. 
The Increased matrix production correlated with in- 
creased expression of TGF-P mRNA and protein in the 
nephritic glomeruli. That TGF-P was causal in stimu- 
lating the matrix production was shown by the ability 
of TGF-p antibody to suppress matrix synthesis when 
added to nephritic glomeruli in culture. In a subse- 
quent study, injection of TGF-p antibody into nephritic 
rats dramatically suppressed the expected increase in 
• matrix production by the nephritic glomeruli and pre- 
vented the build-up of pathologic matrix, which is 
characteristic of the disease [151. 

The second action of TGF-P to inhibit matrix degrada- 
tion was also investigated in this model [16). One of 
the proteases strongly influenced by TGF-p is the plas- 
minogen activator/plasmin system. Plasmin is a potent 
protease that is best known for its activity against fibrin, 
but plasmin is also capable of degrading most matrix 
proteins and probably plays an important role in nor- 
mal matrix turnover. Plasmin generation is regulated 
by the interaction of plasminogen activators CPAs) and 
plasminogen activator inhibitors (PAIs). It was found 
that PA activity was markedly reduced and PAI synthe- 
sis dramatically increased when TGF-p was added to 
normal glomeruli in culture. In the glomerulonephritic 
model, it was shown that prior to matrix accumula- 
tion there were striking changes in the PA/PAI system 
that would favor matrix deposition [16]. PA activity was 
dramatically decreased and PAI synthesis increased by 
day 3 of disease, and both returned toward normal by 
day 7. The increased synthesis of PAI was reflected in 
increased PAI deposition into the glomerular matrix, 
where it acts to block plasmin generation. These find- 
ings indicate that the components necessary for block- 
ing matrix degradation by plasmin are in place early in 
the disease process, prior to histologic evidence of ma- 
trix accumulation. Furthermore, a causal role for TGF- 
P in regulating these changes was demonstrated by 
showing that in vivo administration of TGF-P antibody 
blocked the disease-induced deposition of PAI in the 
glomerular matrix. 

The third action of TGF-p influencing matrix deposition 
is the modulation of integrins on the cell surface that 
mediate cell matrix contact. Integrins constitute a fam- 
ily of heterodimeric glycoproteins consisting of nonco- 
valendy associated a and P subunits. The synthetic pro- 
files of integrins during the course of disease were in- 
vestigated in the acute glomerulonephritis model [17]. 
By day 7 of disease, there was a marked increase in 
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synthesis and expression of the classic fibronectin re- 
ceptor CC5P1, which was paralleled by a build-up of 
fibronectin in the expanding mesangial matrix. Other 
integrin receptors not involved in matrix deposition 
showed no change or actually decreased during the 
course of the disease, indicating the physiological sig- 
nificance of the increase in the fibronectin receptor. 
This study provides the missing piece of the mechanis- 
tic puzzle concerning the actions of TGF-0. Thus, both 
increased synthesis and decreased degradation of ma- 
trix coupled with increases in the number of integrin 
receptors on glomerular cells contribute to the depo- 
sition of matrix components and the accumulation of 
pathologic matrix following glomerular injury. 



Crescentic glomerulonephritis 

In previous studies, Coimbra et al. [18] demonstrated 
increased TGF-P production in glomeruli isolated from 
rabbits with antj-glomerular basement membrane cres- 
centic glomerulonephritis. In this model, the kidney 
develops rapid cortical fibrosis due to induction of 
interstitial collagen production immediately following 
glomerular injury [19]. In a new report, this group mea- 
sured TGF-P levels in urine from the nephritic ani- 
mals [201. TGF-p activity was found in both normal and 
nephritic urine and was expressed in relation to urine 
creatinine concentration. In the urine of nephritic ani- 
mals, TGF-p activity was increased from day 2 of dis- 
ease, peaked on day 7, and returned to normal by day 
14. This time course paralleled TGF-P production by 
isolated nephritic glomeruli. When TGF-P levels for in- 
dividuals animals were compared with the severity of 
cortical fibrosis, a significant positive correlation was 
found. Hie results suggest that urinary TGF-P activity 
may be a useful predictor of fibrogenesis and progres- 
sion to end-stage disease. 



Puromycin aminonucleoside-induced 
nephrosis 

A single injection of puromycin aminonucleoside into 
a rat results in an acute, reversible nephrotic syn- 
drome that has been used as a model of minimal- 
change disease in humans. One week following in- 
duction of nephrosis, elevated levels of TGF-P were 
found in whole kidney tissue that remained increased 
for 3 weeks. [21]. TGF-P is a potent chemoattractant for 
monocyte-macrophages, and a significant macrophage 
infiltration was detected in the tubulointerstitium. With 
activation of TGF-P, there was induction of types 1 and 
IV collagen and fibronectin expression in the intersri- 
rium along with an increase of the tissue inhibitor of 
metalloproteinase. These events resulted in transient 
matrix protein deposition in the interstitium, but when 
TGF-p expression declined, the histologic appearance 



of the tissues returned to normal. The authors suggest 
that interstitial macrophages may be a major source of 
TGF-P production in this acute model of nephrosis. 

Hyperlipidemia in nephrotic syndrome is alleged to 
be a progression factor for human glomerular dis- 
ease. In an interesting report, rats with puromycin 
anunonucleoside-induced nephrosis were placed on 
normal or augmented-cholesterol diets [22]. Choles- 
terol feeding was found to increase glomerular TGF- 
P expression in the nephrotic rats as wed as in nor- 
mal rats. Increased TGF-p expression also correlated 
with increased expression of fibronectin, a major com- 
ponent of the mesangial matrix. Again, infiltrating 
macrophages were thought to be the ceils responsi- 
ble for the TGF-0 production. These results suggest 
a molecular mechanism involving TGF-P by which 
hyperlipidemia might accelerate the development of 
glomerulosclerosis. 



Diabetic nephropathy 

Hie central pathologic feature of diabetic nephropathy 
Is expansion of the mesangial matrix. In glomeruli of 
rats made diabetic with streptozotocin, a slow progres- 
sive increase in expression of TGF-P mRNA and protein 
was found [23"1. Matrix proteins known to be induced 
by TGF-p were deposited within the glomeruli, indicat- 
ing that TGF-P was biologically active in inducing ma- 
trix deposition in the diabetic animals. Administration 
of insulin reduced TGF-p levels but not to normal lev- 
els. These results suggest that hyperglycemia in some 
way is linked to the elevated TGF-P expression. This 
is the first report directly implicating a cytokine in the 
pathogenesis of diabetic nephropathy. 



Toxicity studies 



Investigators at Genentech Inc. (San Francisco, CA) 
performed toxicity studies with recombinant TGF-P in 
rats [24]. They found that glomerulosclerosis developed 
in 14 days in 30% of rats injected daily with 100 ug of 
TGF-p and in 80% injected with 1000 ug. Liver fibrosis 
occurred in 50% and 100%, respectively, of the same 
rats. Thus, the dramatic fibrogenic potential of TGF- 
P already described and proven in actual models of 
disease was confirmed by these pharmacologic exper- 
iments. 



Human glomerulonephritis 

Expression of TGF-p in normal and glomeruionephritlc 
kidneys was examined by immunohistochemistry and 
in situ hybridization [25*1. Hie results are exactly what 
would be predicted from the animal models previously 
described. Glomerular staining of TGF~p was strongly 
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positive in IgA nephropathy and other forms of mesan- 
gial proliferative glomerulonephritis. Furthermore, the 
intensity of TGF-p staining highly correlated with the 
degree of mesangial matrix expansion. The cells ex- 
pressing TGF-P were found to be resident glomerular 
cells rather than infiltrating macrophages. 



Human diabetic nephropathy 

Kidney tissue from patients with diabetic glomeru- 
losclerosis was examined for TGF-P protein and an 
isoform of ftbronectin known to be induced by TGF- 
0 123"]. All of the glomeruli from the patients with 
diabetic glomerulosclerosis were strongly positive for 
TGF-P and the fibronecrin isoform. Control glomeruli 
from normal individuals and others with minimal- 
change disease or thin basement membrane disease 
were negative. 



Transforming growth factor-p antagonists as 
drugs 

Antibodies to TGF-p have been successfully employed 
in the kidney and skin to prevent matrix deposition and 
scarring [!•]. Recently, the proteoglycan decorin was 
shown to bind TGF-P and neutralfce its action [261. This 
finding suggested that decorin might be a natural reg- 
ulator of TGF-P. Decorin was tested in the model of 
acute mesangial proliferative glomerulonephritis (27**]. 
Injections of decorin strongly reduced matrix protein 
deposition in the nephritic glomeruli, suppressed pro- 
teinuria, and ameliorated histologic manifestations of 
the disease. Suppressing TGF-p did not interfere with 
normal glomerular healing or have any other delete- 
rious effects. Decorin may be particularly suitable for 
treatment of kidney disease because of a propensity to 
accumulate in the kidney following intravenous injec- 
tion. Also, because decorin is a natural human com- 
pound, it offers hope as a treatment for human fibrotic 
diseases caused by TGF-p. 



Conclusions 



The findings in cell culture, experimental models, and 
human disease strongly implicate TGF-P as the major 
cytokine responsible for extracellular matrix deposition 
and scarring in glomerular disease. TGF-P antagonists, 
such as decorin, may eventually be clinically useful in 
glomerular diseases associated with the overproduc- 
tion of TGF-p. 
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ABSTRACT 

Cyclosporine A causes an acute reduction in GFR. The 
Interindividual variable reduction in GFR Is most likely 
the result of arteriolar vasoconstriction. Vasoconstric- 
tion is attributable either to a local effect of cyclospor- 
ine on renal blood vessels (intrinsic mechanism) or to 
a systemic effect of cyclosporine on circulating 
and/or neuronal factors (extrinsic mechanism). The 
aim of the investigation presented here was to estab- 
lish whether intrinsic or extrinsic mechanisms account 
for the interindividual differences in the susceptibility 
to acute cyclosporine-induced nephrotoxicity. For 
that purpose, this study took advantage of the clinical 
transplant situation in which two (intrinsically identi- 
cal) kidneys from a cadaveric donor are trans- 
planted Into two (extrinsically) different subjects. The 
preexisting regular dally cyclosporine doses were 
raised by 25% for 2 wk and by 50% for another 2 wk in 
16 patients with stable renal graft function, represent- 
ing eight pairs of patients, each of whom had re- 
ceived kidneys from the same donor. In these pa- 
tients, a mean (± SD) maximum cyclosporine- 
induced Increase in serum creatinine concentration 
of 1 3 ± 11 % (P < 0.00 1 ) and in serum BUN of 27 ± 33% 
(P < 0.01 ). together with a decline in the fractional uric 
acid excretion of 51 ± 89% (P < 0.02) were observed. 
The percentage change in serum creatinine concen- 
trations after increased dosing of cyclosporine paral- 
leled within the subjects receiving their kidneys from 
the same donor, i.e., when one recipient experienced 
a large percentage of change after increases of 
cyclosporine dosing, the corresponding recipient of 
a kidney from the same donor had a change of the 
same magnitude, Seven of eight pairs showed a 
consistent response with respect to a clinically signif- 
icant increase in serum creatinine concentration of 
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>15%, with a consistent response purely by chance 
being <5%. Thus, the transplanted kidney Itself rather 
than the recipient determines the susceptibility to 
acute cyclosporine-induced nephrotoxicity. 

Key Words: Cyclosporine, toxicity, renal failure, transplanta- 
tion, humans 

Dose- and time-dependent renal dysfunction 
(1-3) is the major side effect observed during 
immunosuppression with cyclosporine. Acute cyclo- 
sporine-induced renal dysfunction is nonprogressive, 
dose-dependent, and reversed by dose reduction or 
discontinuation (4-6). 

The precise pathomechanism underlying cyclospo- 
rine's nephrotoxicity remains unclear. Morphologic 
and functional studies in animals (7-9) and man 
(10-12) have suggested that increased arteriolar re- 
sistance with a predominant afferent arteriolar vaso- 
constriction is the major mechanism accounting for 
the acute reduction in GFR when cyclosporine is 
given. Vasoconstriction might be a result of a local 
effect of cyclosporine on renal blood vessels or of a 
systemic effect of cyclosporine on circulating and/or 
neuronal factors. Thus, the large interindividual dif- 
ferences in the decline of the GFR after cyclosporine 
dosing (10,11) can be explained either by inteiindi- 
viduai differences of the (intrinsic) susceptibility of the 
kidney itself or by a variable (extrinsic) response of the 
rest of the body. Donor'age (13-15), prolonged warm 
ischemia Ume (16, 17), and preexisting ischemic Injury 
to cadaver kidneys (18,19) have all been reported as 
potential risk factors for graft loss. However, nothing 
is known, to the best of our knowledge, about a 
potential role of the kidney donor in the individual 
recipients' susceptibility to cyclosporine-induced 
nephrotoxicity. 

The aim of the investigation presented here was, 
therefore, to establish whether intrinsic or extrinsic 
mechanisms account for the Interindividual differ- 
ences in the susceptibility to acute cyclosporine-in- 
duced nephrotoxicity. For that reason, we took advan- 
tage of the clinical transplant situation in which two 
(intilnsically identical) kidneys from a cadaveric donor 
are transplanted into two (extrinsically) different sub- 
jects. We hypothesized that a synchronous decline in 
GFR In pairs of stable kidney transplant recipients by 
temporarily increasing cyclosporine doses indicates 
intrinsic organ (or donor) factors, whereas a differen- 
tial modulation in GFR indicates extrinsic (or recipi- 
ent) factors. 
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METHODS 
Pcitlents 

fnlne women, seven men: mean age. 47 
Sixteen P 0 * 5 "^^^ yr ) with stable functioning renal 
years; age range, patients represented eight pairs of 

grafts were »t^'«L^£. each pair with kidneys from the 
kidney transplant recipien ^^,3^ at )e ast 2 yr 

8311,6 M 0n °?,.Hv S were on stable, long-term immunosup- 
before the study /They we e akme or m comblnaU on 

pression */ th ^^.^^thloprlne (Table 1). All patients 
with pi^nisone andTora j ne imen docu . 

had stable renal ^"°" le ^ concentrations, serum 
merited by <* clos P°™ e ^ tinine clearance measurements 
creatinine values. the stu dy. 

over the Iast 2 m0 "^S nonsteroidal anti-inflammatory 
Patients with . f'^^ied hypertension (as defined by 

drug tntak tf nd / 0 ' U " C ,!i above 105 mm Hg) were excluded, 
a diastolic blood pressure ^ cammmM of the 

■me study J, patients gave their Informed 

Study Protocol 

ministered orally as -a & ^ conUnued mroughout the 
concurrent medteanpns baseline cllnIcal ^ laboratory 

study. After e^SJ 1 he daily dosage of cyclosporine was 
parameters (see below)^ ^ ^ additional 

raised by 25% for 2 ^ of cydospoilrie was 

increase ^. ^ * Jff wkt and thereafter the daily dosage 
prescribed tor anotter : 2J ^ ^ 

of cyclosporine was rcdu ^ ^ ^ week]y ^ 

Throughout the laboratory parameters were col- 
the following clinical anrt J mte , and , possi . 

lected: body weight ^P^^ gide effects> such as 
bly, cyclospoT^e-mduce inc i ude d cyclosporine 

tremor. Weekly ^oratory an y ^ ^ 

^^"^SSL^ Stic acid, potassium, and 
dose). BUN seru m ^.rea ^ biUmbin concen _ 

magnesium levels, as wc ^ d ^ acid wefe measured 
traUons. Urine «?«^ co ,iections. and creaUnine and 
weekly horn two i fractlonaJ excretion of uric 

uric acid clearances as we» - 

acid were calculated. ^ by stan dard 

Serum and urine sa f cydosporlne concen tra- 

biochenUcal assays^ w & ftc nuorescence po . 

TDx: AbboU Laboratories * 
^SSy^^ suspcnsion from the study were a 

TABLE 1. Patient chara ct eristicsq 



Age 

Body Weight (kg) 

Height (cm) 

Blood Pressure (mm «g; 

Heart Rate/min 

Immunosuppressive Therapy 
Cyclosporine (mg/oay) 
Prednisone (mg/day) 
Azathloprlne (mg/day) 



47 
68 
165 
141/90 
70 

273 
6.2 
40 



± U 
± 17 
±9 

± 18/11 
± 10 

± 136 
£ 3.8 
± 54 



° AH values given as mean 
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diastolic blood pressure above 105 mm Hg, an increase of 
serum creatinine levels by more than 50% as compared with 
baseline values, and/or a rise in serum potassium level 
above 5.5 mmbl/L. 

Statistical Analysis 

Patients were grouped according to their individual re- 
sponse to the raised cyclosporine doses. An increase of 15% 
or more of the serum creatinine level during any routine 
control of a transplanted patient is considered a relevant 
clinical finding at our division. Tills same limit was used for 
the current investigation, and all patients that showed serum 
creatinine level increase of 1 5% or more in at least one of the 
serum creatinine measurements during the study were 
grouped as -responders." Independent t tests were used for 
comparisons between responders and honresponders. 

RESULtS 

The profiled increase of the daily cyclosporine dose 
by 25% for 2 wk and 50% for another 2 wk resulted in 
an increase of the dally cyclosporine dose from 271 ± 
137 mg/day (mean i SD) to 341 ± 171 mg/day arid to 
406 ± 207 mg/day, respectively (Table 2). The corre- 
sponding whole blood cyclosporine levels increased 
from 117 ± 26 to 160 ± 53 and 188 ± 42 ng/mL. 
respectively. All patients toierated the increase of the 
daily cyclosporine dose, and all were able to finish the 
study protocol. 

The mean of the observed individual maximum 
increases of serum creatinine level during the 4-wk 
observation period was 13 ± 11% (P < 0.001). This 
increase was accompanied by a 27 ± 33% increase in 
BUN [P < 0.01) arid a 51 ± 89% decrease in . the 
fractional excretion of uric acid (P < 0.05) (Table 2). 
Creatinine clearance and serum levels of uric acid, 
potassium, and magnesium showed no consistent 
changes. . 

The patients were grouped according to their indi- 
vidual response to the raised cyclosporine doses. An 
increase by 15% or more in at least one of the serum 
creatinine measurements was considered to be of 
clinical relevance. Nine patients increased their serum 
creatinine to levels above 15% (responders). whereas 
in seven patients serum creatinine levels consistently 
stayed below 15% during the 4 wk of the higher 
cyclosporine dosage (nonrespondersj. Responders 
and nonresponders not only differed with respect to 
their maximum increase of serum creatinine coricen : 
trations (20 ± 3 versus 3 ± 7%, P < 6.001) (Table 2) 
but also with respect to their mean changes in creati- 
ninine clearance (- 1 1 ± 6 versus 2 ± 6%, P < 0.01) as 
well as to changes in their maximum BUN concentra- 
tions (44 ± 31 versus 4 ± 19%, P < 0.01) (Table 2).. 

A higher percentage increase in cyclosporine blood 
concentrations was noted for responders at the time of 
maximum serum creatinine measurements (71 ± 27 
versus 40 ± 22%. P < 0.05), but the mean increase of 
cyclosporine blood levels, obtained by considering all 
of the concentrations after the increase of cyclospor- 
ine A dosing, was not significantly different between 
the two groups (56 ± 20 versus 39 ± 19%). Maximum 
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TABLE 2. Laboratory values at baseline and at time of maximum increase of serum creatinine concentration 



All Patients 



Parameter 



Responded 



Nonresponders 



Baseline 



Maximum b Baseline 0 Maximum 15 Baseiine c Maximum** 



Cyclosporlne, Whole Blood 
Concentrations (ng/mL) 

Serum Levels 
Creatinine (/imol/L) 
BUN (mmol/L) 
Potassium (mmol/L) 
Uric Acid (/imol/L) 
Magnesium (mmol/L) 

Creatinine Clearance 
(mL/min) 

Fractional Uric Acid 
Excretion (%) 



117 ± 26 



126 ±29 
9.9 + 3.2 
4.3 ± 0.7 
398 ± 150 
0.76 ± 0.09 

64 ±31 



11.2 ±9.3 



182 ± 48 d 



142 ± 32 d 
12.2 ±3.9 e 

4.6 = 0.8 
436 ± 147 
0.78 ± 0.14 

61 ± 30 



108 ±23 



124 ± 31 
9.4 ± 3.3 
4.2 ± 0.7 
394 ± 161 
0.78 ± 0.09 

73 ±38 



7.9 ±6.3' 12.4+11.4 



182 ± 46 d 



149 ±35* 
13.2 ±4.5 ci 

4.6 ± 1.0 
459 ± 180 
0.83 ±0.13 

61 ±24 
8.1 ±8.2 



129 ± 25 



129 ± 30 
10.6 ±3.1 

4.6 ± 0.5 
404 ± 147 
0.74 ± 0.09 

53 ± 14 



9.5 ± 5.3 



181 ±53 d 



133±28 
10.8 ± 2.4 

4.6 ± 0.6 
406 ± 95 
0.71 ±0.13 

62 ±37 

7.7 ±3.1 



a Individual maximum increase of serum creatinine * 15%. 
b At maximum increase of serum creatinine levels. 

(1 No significant differences between responders and nonresponders were detected for any of the baseline parameters. 
° P < 0.001 compared with baseline parameters. 
° P < 0.01 compared with baseline parameters. 
' P < 0.05 compared with baseline parameters. 



serum creatinine concentrations were measured 
3.6 ± 1.2 wk after the Increase of the cyclosporlne 
dose in responders and 3.0 ± 1.1 wk in nonre- 
sponders, respectively. 

The 16 patients were grouped into eight pairs, each 
pair with grafts from the same donor. Pairs with both 
patients being either responders or nonresponders 
were defined to exhibit a consistent response to the 
increase in cyclosporlne dosage. Such a consistent 
response was observed in seven of the eight patient 
pairs (four responder pairs and three nonresponder 
pairs) (Figure 1). with the probability of observing 
seven or more of eight pairs with consistent response 
purely by chance being less than 5% (9/256). 

Patient Pair 5 showed no consistent response to the 
increase in cyclosporine dosage. Both patients of this 
pair compared well with respect to ail of the investi- 
gated baseline parameters. Nevertheless, the one pa- 
tient that showed no response to the increase in 
cyclosporlne dosage had a stable renal function, but 
rather large fluctuations in serum creatinine levels of 
between 155 and 175 junol/L for months before the 
study. It is possible that in this patient, the measured 
baseline serum creatinine of 176 /u.mol/L was too 
high, blunting a possible response to the increase in 
cyclosporlne dosage. 

No differences between responders or nonre- 
sponders were found with respect to baseline labora- 
tory parameters (Table 2), time since transplantation, 
patient or donor age, patient or donor sex, cold or 
warm ischemia time, or the current use of the follow- 
ing antihypertensive drugs: calcium channel blockers, 
angiotensin-coiiverting enzyme inhibitors, betablock- 
ers, and/or diuretics fTable 3). 



DISCUSSION 

Seven of the eight patient pairs with kidneys from 
the same donor snowed consistent responses during 
the elevated cyclosporine doses with respect to their 
maximum increase lh serum creatinine and BUN 




2 3 4 5 6 7 8 
Patient pairs 



Figure 1 . Maximum observed percentage Increase In serum 
creatinine in eight patient pairs, each with grafts from the 
same donor. Each stacked bar combines the observed 
changes in serum crealinine level of one patient pair. Visual 
inspection reveals that the percentage change in serum 
creatinine levels paralleled within the subjects receiving their 
kidneys from the same donor, i.e., when one recipient 
experienced a large percentage change In serum creati- 
nine after increases of cyclosporine A dosing, the corre- 
sponding recipient of a kidney from the same donor had a 
change of the same magnitude. All but one pair (Patient Pair 
5) showed consistent creatinine changes In response to the 
increased cyclosporine doses. One patient of Patient Pair 6 
showed a 0% change In serum creatinine value. 
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TABLE 3. Comparison of parameters in responders 
and nonresponders 0 



Responders responders 



Patient 

Age b 48 ± 12 45 ± 9 

Gender (f/m) 4/5 5/2 
Donor 

Age b 28 ± 6 28 ± 8 

Gender (f/m) 2/7 0/7 

Time Since Transplantation (yr) b 4.3 ± 1.7 5.9 ± 2.2 

Cold ischemia Time (hr) b 18 ± 8 16 ± 7 

Concomitant Therapy, Number of Patients on Treatment 

Prednisone 8 4 

Azathioprlne 3 2 

Calcium channel blockers 3 4 

Betablockers 6 5 

ACEI C 2 3 

Diuretics 3 2 



° No significant differences between responders and nonresponders 

were detected for any of the parameters. 

b Values are given as mean ± SD. 

c ACEI, angiotensin-convertlng enzyme Inhibitors. 



levels. The probability of observing such consistent 
responses in seven or more of eight pairs purely by 
chance is less than 5% (9 of 256), indicating that the 
transplanted kidney rather than the recipient ac- 
counts for the susceptibility to acute cyclosporine- 
induced nephrotoxicity. The profiled rise in the cyclo- 
sporine dosage during the study was paralleled by 
corresponding changes in whole blood cyclosporine 
concentrations. Although kinetic studies suggest that 
blood concentrations of cyclosporine are of value 
within certain limits for therapeutic dose finding, 
measuring cyclosporine blood levels proved useful in 
monitoring patients compliance, the most Important 
variable of drug efficacy in outpatients (21). 

Analysis of all patients as one group revealed a 
discrete Increase of serum creatinine concentrations, 
whereas creatinine clearance values remained unal- 
tered. These findings might be explained by an aug- 
mented tubular secretion of creatinine during the 
higher cyclosporine doses, with the possible conse- 
quence of overestimating the true GFR from creatinine 
clearance values in cyclosportne-treated patients 
(22,23). Alternatively, variations In the 24-h urine 
collections might obscure significant changes in cre- 
atinine clearance after increasing cyclosporine A dos- 
age. The higher values of the coefficients of variation 
for creatinine clearance than for those of plasma 
concentrations of creatinine (Table 2) are in line with 
the latter hypothesis. 

The observation of a more pronounced increase in 
BUN levels as compared with serum creatinine con- 
centrations, as well as the decrease in the fractional 
excretion of uric acid, confirm previous reports that 



cyclosporine-induced intrarenal vasoconstriction 
causes a state of prerenal azotemia. This state results 
in an increase of the tubular uptake of urea and uric 
acid, which has been suggested to be a physiological 
response to the reduction of glomerular filtration pres- 
sure and which is completely reversible after drug 
reduction or discontinuation (24,25). 

Several mechanisms have been proposed to partic- 
ipate in the characteristic intrarenal vasoconstriction, 
Including excessive sympathetic nerve stimulation 
(26), altered eicosanoid metabolism (27-29), either 
decreased or unchanged activity of the renin -angio- 
tensin system (30,31), alterations in calcium ho- 
meostasis by cyclosporine-enhanced transmembrane 
calcium influx and mobilizaUon from Intracellular 
stores (32,33). In addition, experimental studies sug- 
gest that cyclosporine causes exaggerated contractile 
responses in arteriolar smooth muscles and mesan- 
gial cells in the presence of vasoactive substances 
(34). In renal transplant recipients, calcium channel 
blockers have been reported to be beneficial In treat- 
ing cyclosporine-induced impaired renal function and 
hypertension by counteracting renal vascular con- 
striction or partially inhibiting cyclosporine-induced 
mesangium-cell contraction (35-37). The concomitant 
use of vasoactive drugs might therefore be an impor- 
tant determinant for the susceptibility to cyclospor- 
ine-induced renal dysfunction. In the investigation 
presented here, no relationship between cyclosporine- 
induced renal dysfunction and the use of calcium 
channel blockers, betablockers, angiotensin-convert- 
lng enzyme inhibitors, and/or diuretics was detected. 

The differences detected between responders and 
nonresponders could not be related to any of the 
studied recipient- or donor-specific covariates. How- 
ever, the observed differences were rather discrete and 
several parameters known to be related with acute 
cyclosporine-induced. renal dysfunction, such as se- 
rum potassium (38,39) and bilirubin levels (40), did 
not significantly increase In the responder group dur- 
ing the higher cyclosporine doses. More pronounced 
differences might have been observed with higher 
cyclosporine doses and /or a prolonged observation 
period. For ethical reasons, we did not take the risk to 
increase steady-state cyclosporine doses by more 
than 50% in these patients with stable renal function 
or to increase the number of subjects to be investi- 
gated. It should be noted that short-term cyclosporine 
administration often showed Its nephrotoxic effects 
immediately after exposure (41-43). 

In conclusion, this investigation demonstrates that 
the transplanted kidney itself and not the recipient 
determines the susceptibility to acute cyclosporine- 
induced toxicity. 
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THERAPEUTIC REVIEW 



Nonsteroidal Anti-Inflammatory Drugs: 
Effects on Kidney Function 

Andrew Whelton, MD, FACP, FCP, and Cindy W. Hamilton, PharmD 



Nonsteroidal anti-inflammatory drugs (NSAlDs) are capable of inducing a variety of 
renal function abnormalities, particularly in high-risk patients with decreased renal 
blood perfusion who depend on prostaglandin synthesis to maintain normal renal func- 
tion. Fluid retention is the most common NSAID-related renal complication, occurring to 
some degree in virtually all exposed individuals; however, clinically detectable edema 
occurs in less than 5% of patients and is readily reversible on discontinuation of the 
NSAID. Other electrolyte complications, notably hyperkalemia, are seen infrequently 
and occur in specific at-risk patients. The next most worrisome complication is acute 
deterioration 0/ renal /unction, which occurs in high-risk patients and is also reversible. 
Nephrotic syndrome with interstitial nephritis is a rare problem 0/ NSAID use and is 
reversible. Papillary necrosis is the only permanent complication of NSAIDs and is very 
rare. Altogether, these renal function abnormalities, with the exception of mild fluid 
retention, are clinically detectable in approximately 1% of exposed patients. Given the 
number of patients who take NSAIDs on a prescription or over-the-counter basis, the 
absolute number of at-risk patients is relatively large. Consequently, an appreciation for 
the risk factors and pathophysiology of NSAID-induced renal function abnormalities is 
required for optimal use of these drugs. 



Approximately 1-5 of persons who are exposed 
to a nonsteroidal anti-inflammatory drug 
(NSAID) will manifest one of a variety of renal func- 
tion abnormalities. Although this percentage ap- 
pears relatively low, the number of at-risk individ- 
uals is enormous because of the current use profile of 
NSAIDs, either as prescription or over-the-counter 
drugs. One in seven Americans is likely to be treated 
with an NSAID for a chronic rheumatologic disorder. 
If patients who take NSAIDs for acute problems are 
considered, the exposure rate will be even higher. 
Thus, of the 50 million Americans expected to use 
NSAIDs intermittently or routinely this year, at least 
500,000 are likely to develop soine degree of renal 
functional abnormality. 

In descending order of frequency, the primary 
NSAID-related renal abnormalities are 1) fluid and 
electrolyte disturbances, 2) acute deterioration of 
renal function, 3) nephrotic syndrome with intersti- 
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tial nephritis, and 4) papillary necrosis (Table I), So- 
dium chloride and water retention, the most com* 
monly encountered renal effect of NSAID use, occurs 
to some degree in virtually all exposed persons but 
results in clinically detectable edema in less than 5% 
of patients. This rate is probably higher in selected 
at-risk patients. NSAID-induced fluid retention is 
typically benign, reversible on discontinuation of the 
NSAID, and easily managed in patients who require 
treatment. Other electrolyte abnormalities are also 
induced by NSAIDs, the most important of which is 
potassium retention and hyperkalemia. A high-risk 
group can also be identified for this electrolyte abnor- 
mality. 

From the clinical point of view, the most worri- 
some renal side effect of NSAIDs is hemodynami- 
cally mediated acute renal failure, which occurs in 
individuals with pre-existing reduced renal blood 
perfusion. Ordinarily, the kidneys of such at-risk pa- 
tients produce vasodilatory prostaglandins to main- 
tain renal perfusion and function. The inhibitory ef- 
fects of NSAIDs on renal prostaglandin production 
lead to acute, reversible renal failure in these pa- 
tient. Acute deterioration of renal function occurs in 
0.5 to 1% of patients who take NSAIDs on a chronic 
basis. 
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TABLE I 



Documented Renal Effects of Nonsteroidal Anti-Inflammatory Drugs 



Drug Class 


Generic Name 


Brand Name/ 
Manufacturer 


Edema 




Renal Effects* 
ARF 


NS 


PN 


Salicylates 


Aspirin 


(various) 


CI 




CI 


CI 


CI 


Diflunisal 


Dolobid/Merck 


CI 




CI 


An 


Propionic acids 


Ibuprofen 


Motrin/Upjohn 


CI 


CI 


CI 


CI 


CI 


Naproxen 


Naprosyn/Syntex 


CI 




CI 


CI 


An 




Fenoprofen calcium 


Nalfon/Ulty 


CI 




CI 


CI 


CI 




Ketoprofen 


Orudis/Wyeth-Ayerst 


CI 




CI 


CI 


An 




Flurbiprofen 


Ansaid/Upjohn 


CI 


Ci 


CI 


Clt . 


Indoiacetic acids 


Indomethacin 


Indocin/Merck 


CI 


CI 


CI 


CI 


Clt 




Sulindac 


Clinoril/Merck 


CI 


CI 


CI 


CI 


An 




Tolmetin 


Tolectin/McNeil 


CI 




CI 


CI 


An 




Diclofenac 


Voltaren/Cibia-Geigy 


CI 




CI 


CI 


CI 


Anthranilic acids 


Meclofenamate sodium 


Meclomen/Parke-Davis 


CI 




CI 


CI 


An 




Mefenamic add 


Ponstel/Parke-Davis 


CI 




CI 


CI 


ci 


Pyrazolones 


Phenylbutazone 


Butazolidin/Ciba-Geigy 


CI 


CI 


CI 


CI 


CI 


Oxtcams 


Piroxicam 


Feldene/Pfizer 


CI 


CI 


CI 


CI 



• ARF - acute renal failure; NS - interstitial nephritis and nephrotic syn- f Causes interstitial nephritis without nephrotic syndrome, 
drome; PN - papillary necrosis; fK - hyperkalemia; Q - reported in clinical t Reported In combination with phenylbutazone, 
studies; An - described in studies in animals (but not In humans), (Adapted from Ctive and Stoff. 1 with permission.) 



The nephrotic syndrome, with associated intersti- 
tial nephritis, is seen on rare occasions. Once again, 
it is reversible on discontinuation of the NSAID in 
question. 

According to the respective manufacturers' pre- 
scribing information, chronic administration of 
nearly all NSAIDs produces papillary necrosis in lab- 
oratory animals; and a few clinical case reports of 
papillary necrosis can be found in the recent medical 
literature. Within the framework of our present un- 
derstanding of NSAID effects on the kidney, this ap- 
pears to be the only irreversible form of renal tox- 
icity. 

Many of the renal abnormalities that are encoun- 
tered as a result of NSAID use can be attributed to the 
action of these drugs on prostaglandins. Hence, a 
brief overview of the interactions between prosta- 
glandins <-^^\%ji^bn Villi be presents*}, fol- < 
lowed by manM^ 

manifestations, patient risk factors, and preventive 
approaches to NSAID-induced renal syndromes. 

THE PROSTAGLANDIN PATHWAY 

Prostaglandins are ubiquitous substances that influ- 
ence renal function along with a variety of other 
body systems. 1 - 2 Conceptually, they may be consid- 
ered local hormones or "autocoids" because they act 
in a paracrine or autocrine fashion. Biologic activity 
is limited to the site of action by the short half-life of 



prostaglandins in circulation. In addition, prostaglan- 
dins are not stored in tissue, but are synthesized on 
demand. 

Prostaglandins are derived from phospholipids by 
a common pathway (Figure 1). Phospholipids, of 
course, are widely distributed in cell membranes 
throughout the body. The most important precursor 
for prostaglandins is arachidonic acid. Cyclooxygen- 
ase is the catalyst for oxygenation of arachidonic 
acid, which is the step that is inhibited by NSAIDs. 
The interaction between aspirin and cyclooxygenase 
(acetylation) is irreversible, whereas that with other 
NSAIDs is reversible. 

Arachidonic acid can also be metabolized to other 
mediators, depending on the cell type. For example, 
lipoxygenase catalyzes the production of leuko- 
trienes, and mixed-function oxygenases catalyze the 
production of 6ppxyei<!io$atrierioic aeid$. ep|je(2- 
tively, these oxygbnateid metabolites ^pS6M^iiic 
acid are known as eicosariolds because of their origin 
from a 20-carbon (eicosa-) polyunsaturated acid.* 

Continuing along the common pathway (Figure 1), 
oxygenation of arachidonic acid results in produc- 
tion of prostaglandin G lt which is converted to prosta- 
glandin H 2 by hydroperoxidase and loss of a free radi- 
cal. At this point, metabolism becomes highly spe- 
cific for individual cell types, although many, if not 
all, of the metabolites are produced in the kidney. 
Prostaglandin E, is a vasodilator, which, in the kid- 
ney, promotes diuresis and natriuresis. Prostaglan- 
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(found in cell 
membranes) 



£ 



PgEj (T vaso- 
dilation; 
T diuresis and 
natriurests; 
T NaCl/Water 
excretion; 
A lymphocytes) 



Arachidonic 
acid (an 
"eteosanokJ") 



Cyclooxygenase and 0 2 
(inhibited by NSAIDs) 



PgH a 



(T Naa and 

water 

excretion; 

t vasoconstriction) 



Peroxidase 
H free radical 

ZD 



Prostacyclin or 

Pg^tt 

vasodilation; 
T renin release; 
I platelet 
aggregation) 



PgD ? (mastceH 
mediator and 
Tbronchocon* 
strict ion; 
T vasodilation 
in resistance 
vessels) 



1 



Thromboxane A s 

(t platelet 

activation and 

intravascular 

aggregation; 

T vasoconstriction) 



Figure i. Prostaglandin pathway (and prostanoid /unctions). Pg - prostaglandin; f - stimulate or increase; I * inhibit or decrease." 



din Ex also inhibits lymphocytes and other cells that 
are involved in inflammation and allergic responses, 
which, as will be discussed later, may play a role in 
some NSAID-induced renal syndromes. Prostaglan- 
din F 2a enhances excretion of sodium chloride and 
water. Prostacyclin, also known as prostaglandin I 2 , 
has a wide variety of actions including vasodilation, 
renin release, and inhibition of platelet aggregation. 
Prostaglandin D 2 is a vasodilator of peripheral resis- 
tance vessels but is better known for its association 
with mast cell activation and bronchocoiistriction. 

tagteftdih Hj in platelets and can act as a major vaso- 
constrictor within the kidney. These pharmacologi- 
cally active metabolites of prostaglandin H 2 are col- 
lectively known as prostanoids. 3 

PROSTAGLANDIN EFFECTS ON RENAL 
FUNCTION 

Given the diversity of cell populations within the 
kidney and their various functions, the complexity 
of the interactions between prostaglandins and renal 
function is not unexpected. Prostaglandins are in- 
volved in renin release, local vascular tone, regional 
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circulation, sodium and water homeostasis, and po- 
tassium balance (Table A). The following sections de- 
scribe these diverse effects. Detailed overviews of 
these interactions can be found in excellent reviews 
by Patrono and Dunn 2 and Oates and colleagues. 3 

An important caveat in the following sections Is 
that prostaglandins are not primary mediators of ba- 
sal renal function in normal individuals. Prostaglan- 
dins typically operate in conjunction with a variety 
of other mediators, which, even in the absence of 
prostaglandins, can preserve homeostasis. Prosta- 
glandin production is increased i& 
sponse to Stress (e.g., dioMi&a reii$i Wm fi^W or 
blood volume), thus, inhibition of prostaglandin 
function by NSAIDS is more likely to cause compli- 
cations in at-risk patients with decreased renal blood 
perfusion than in the otherwise normal subject 
whose prostaglandins are merely one of many factors 
contributing to homeostasis. 

Renin Release 

Prostaglandins stimulate renin release, which plays 
an important role in the regulation of arterial blood 



NONSTEROIDAL ANTI-INFLAMMATORY DRUL^ 



TABLE II 



Principal Renal Sites of Prostaglandin Synthesis 
and Major Actions 



Site ElcosanoW Action 



Vasculature 


Prostaglandins 1 2 


Vasodilation 




and D 2 


Maintain GFR 


Glomerulus 


Prostaglandins l 2 




and E 2 






Thromboxane Aj 


Reduce GFR 


Collecting 


Prostaglandins E 2 


Enhance excretion 


tubule 


andF^ 


of sodium 


chloride and 






water 


Medullary 


Prostaglandin E 2 


Vasodilation and 


interstitial 




natriuresis- 


cells 




diuresis 



(Adapted from Pstrooo and Dunn 9 , with permission.) 



pressure, blood volume, and electrolyte balance. 
Prostaglandins can act independently or synergisti- 
caliy with the ^-adrenergic system. 4 Although the 
exact prostanoid mediator is not yet known, it is 
likely that prostacyclin is synthesized in response to 
a change in arteriole pressure or chloride reabsorp- 
tion in the macula densa of the nephron. 3 

Local Vascular Tone 

Prostanoids are one of several local mediators that 
govern vascular tone through their actions on norepi- 
nephrine release at peripheral nerve endings. Prosta- 
glandins E, and D 2 and, to a lesser extent, prostacy- 
clin promote vasodilation by inhibiting norepineph- 
rine release. Prostaglandin E 2 also antagonizes the 
effects of angiotensin n, a powerful vasopressor, on 
the neuroeffector junction. Conversely, prostaglan- 
din and thromboxane are vasoconstrictors. 3 

Regional Cumulation 

Prostanoids contribute to regional circulation via 
their influence on local vascular tone. Under normal 
conditions, prostanoids do not regulate renal perfu- 
sion per se. However, certain conditions such as de- 
creased renal blood flow are associated with the pro- 
duction of vasodilatory prostaglandins. Prostaglan- 
din E 2 . prostacyclin, and prostaglandin D 2 shift 
regional blood flow from cortical to juxtamedullary 
nephrons. 3 



Sodium and Water Homeostasis 

All prostanoids are capable of acting in the renal cor- 
tex to regulate sodium and water homeostasis; how- 
ever, prostanoids are only one of many factors that 
share this function. 3 Prostaglandins E, and D 2 , pros- 
tacyclin, and, to a lesser extent, prostaglandin 
increase the rate of salt and water excretion. Prosta- 
glandin E 2 inhibits sodium chloride transport in the 
thick ascending limb of the loop of Henle and the 
collecting duct. 5 ** In addition, prostaglandins antago- 
nize the effects of antidiuretic hormone. 7 * 3 

Prostanoids do not have a direct effect on glomeru- 
lar filtration rate; however, vasodilation associated ' 
with prostaglandin E 2 . prostacyclin, and prostaglan- 
din D a increases renal blood flow, and, as previously 
mentioned, shunts blood flow from the cortical to 
juxtamedullary nephrons. The net result is en- 
hanced diuresis and natriuresis due to reduced med- 
ullary, hypertonicity and increased interstitial pres- 
sure. 3 

Potassium Balance 

Prostanoids indirectly lower potassium by their ef- 
fects on glomerular filtration and renin. 3 As 
previously mentioned, vasodilatory prostaglandins 
increase renal blood flow. This may enhance the di- 
rect intratubular delivery of potassium into the dis- 
tal nephron for excretion. Alternatively, this may 
serve to quantitatively increase sodium delivery into 
the distal nephron with resultant reabsorption of so- 
dium in exchange for potassium, which is then ex- 
creted in the urine. Secondly, prostacyclin is be- 
lieved to promote renin release. Activation of the 
renin-angiotensin pathway ultimately causes aldo- 
sterone to stimulate potassium excretion in the distal 
convoluted tubule and collecting duct. However, po- 
tassium balance is also regulated by a number of 
other factors such as insulin and the /^-adrenergic 
system. 

FLUID AND ELECTROLYTE DISTURBANCES 

Sodium and Water Retention 

The most common and universal renal complica- 
tions of NSAIDs are sodium retention and edema. 
According to prescribing information accompanying 
nearly all NSAIDs, edema occurs in at least 3% of 
patients. The incidence is probably higher In pa- 
tients who take therapeutic doses over prolonged pe- 
riods. The onset of fluid retention usually occurs 
early in the course of therapy and can be dramatic as 
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illustrated by the 15-kg weight gain in a 70-year-old 
man who took ibuprofen for only 17 days. 9 

Occasionally, the patient may retain water in ex- 
cess of sodium. Severe, reversible hyponatremia (118 
Mmol Na + /L) occurred in a patient who took ibupro- 
fen for only 3 days. This patient had underlying renal 
impairment (CrCl 12 mL/min). 10 

The multiple mechanisms by which NSAIDs in- 
terfere with water and sodium metabolism may ex- 
plain the frequency of this complication. As 
previously mentioned. NSAIDs have the potential to 
disrupt diuresis and natriuresis by interfering with 
prostaglandin-mediated sodium chloride transport, 
antidiuretic hormone, and distribution of blood flow 
from cortical to juxtamedullary nephrons. 1,3 The hy- 
pothesis for the pathogenesis of the nephrotic syn- 
drome is also operative in this situation. By shunting 
arachidonic acid metabolism from prostaglandins to 
lipoxygenase products, NSAIDs may favor produc- 
tion of eicosanoid derivatives that increase capillary 
permeability. 1 

Hyperkalemia 

Hyperkalemia is an unusual complication of 
NSAIDs, presumably because of the multiplicity of 
factors that are capable of maintaining potassium bal- 
ance, even in the absence of prostaglandins. Hyper- 
kalemia is more likely to occur in patients with pre- 
existing renal impairment," 12 cardiac failure, 13 dia- 
betes," or multiple myeloma " or in patients who 
receive potassium supplementation," potassium- 
sparing diuretics, 16 or angiotensin-con verting en- 
zyme (ACE) inhibitors. Indomethacin appears to be 
the major NSAID associated with this complication 
and has produced hyperkalemia in patients without 
apparent risk factors." Thus, indomethacin may 
have a direct effect on the cellular uptake of potas- 
sium t w in addition to the known effects of NSAIDs on 
potassium delivery to the distal tubule as well as on 
the renin-angiotensin and aldosterone pathways. 

NSAID-induced hyperkalemia often occurs in the 
setting of NSAID4nduced scute reftil deterioration 
oryfarjsfci^ How- 
ever, the severity of hyperkalemia can be dispropor- 
tionate to that of renal impairment. For example, 
Tan and colleagues reported a patient who was 
treated with indomethacin and had a serum potas- 
sium of 6.2 mEq/L in spite of only mildly abnormal 
renal function. 19 In this patient, plasma renin and 
aldosterone levels were suppressed and did not re- 
spond to furosemide or postural changes. Urinary 
prostaglandin E 2 was also suppressed. Discontinua- 
tion of indomethacin resulted in normalization of po- 



tassium, prostaglandin E 2 , and a rebound of renin 
and aldosterone. 

ACUTE DETERIORATION OF RENAL FUNCTION 

Role of Prostanoids in Maintaining 
Renal Blood Flow 

Although NSAIDs do not impair glomerular filtration 
in normal individuals, 20,31 acute renal decompensa- 
tion may occur in at-risk patients with various extra- 
renal or renal disease processes that lead to de- 
creased renal perfusion (Table III). Renal prostaglan- 
dins play an important role in the maintenance of 
homeostasis in these patients, so drug-induced 
disruption of counter-regulatory mechanisms can 
produce clinically important and even severe renal 
functional deterioration. 2 * 3 

Acute renal deterioration in this setting can be at- 
tributed to the interruption of the delicate balance 
between hormonally mediated pressor mechanisms 
and prostaglandin-related vasodilatory effects (Fig- 
ure 2). In at-risk patients, volume contraction trig- 
gers pressor responses via adrenergic and renin-an- 
giotensin pathways. Ordinarily, vasodilatory renal 
prostaglandins counterbalance the vasoconstrictive 
effects of norepinephrine and angiotensin II. The ad- 
dition of NSAIDs increases the risk of azotemia and 
possibly ischemic damage to the kidney by removing 
the protective effects of vasodilatory prostaglandins 
and allowing unopposed vasoconstriction. 

Clinical Features of Acute Renal Failure 

Initially, this NSAID-induced renal syndrome is of 
moderate severity and is characterized by increasing 
BUN, creatinine, potassium, and weight with de- 
creasing urine output. NSAID-induced acute renal 
failure is usually reversible over 2 to 7 days after 
discontinuation of therapy; however, morbid conse- 
quences can occur if the diagnosis is not recognized 
early. Continued NSAID therapy in the setting of de- 



TABLE 111 

At-Rlsk Patients for NSAID-induced 
Acute Renal Failure 

Severe heart disease (congestive heart failure) 

Severe liver disease (cirrhosis) 

Nephrotic syndrome (chronic renal disease) 

Elderly population 

Dehydration (protracted) 
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Figure 2. Mechanism by which NSMDs disrupt the compensatory 
vasodilation response of renal prostaglandins to vasoconstrictor 
hormones in patients with prerenal conditions. A solid line (— ) 
indicates stimulation; a dashed line (— ) indicates inhibition. 

teriorating renal function may progress rapidly to 
the point wherein dialysis support is required. 22 De- 
spite this profound level of renal functional impair- 
ment, the kidney will nonetheless recover several 
days to weeks after discontinuation of the NSAID. 
Development of this type of "total" renal failure, 
which is often inappropriately designated as "acute 
tubular necrosis," represents the extreme end of the 
spipcii^^ theira sepa- 

rate clinical entity. 

Risk Factors for Acute Renal Failure 

The risk of acute renal deterioration is highest in 
patients with liver disease, pre-existing renal im- 
pairment, cardiac failure, protracted volume contrac- 
tion due to diuretic therapy or intercurrent disease, 
or old age. NSAlD-induce renal decompensation has 
been well documented in patients with cirrhosis, par- 



ticularly when ascites-is present. 3 Urinary excretion 
of prostaglandin E 2 , prostacyclin metabolites, and 
thromboxane A 2 is increased in these patients. 23,24 
An analogous situation exists in patients with under- 
lying congestive heart failure," nephrotic syn- 
drome, 26,27 or lupus nephritis. 2 * 29 

Patients with chronic renal impairment are at in- 
creased risk of NSAID-induced renal failure because 
of inadequate renal prostaglandin production. We 
documented NSAID-induced acute renal failure in 
patients with asymptomatic mild, but chronic, renal 
failure (serum creatinine between 1.5 and 3.0 rag/ 
dL). 30 Baseline excretion of urinary prostaglandin E 2 
and 6-keto-prostaglandin F u was quantitatively 
lower in the individuals who developed NSAID-in- 
duced renal decompensation than in those who did 
not, and ibuprofen proved to be more problematic 
than either piroxicam or sulindac. On initiation of 
ibuprofen, urinary prostaglandin excretion fell in all 
patients, but trough concentrations were quantita- 
tively lower in the subset of patients who experi- 
enced acute renal failure. 

Volume contraction due to diuretic therapy or an 
intercurrent disease that results in dehydration rep- 
resents another important risk factor for the develop- 
ment of NSAID-induced acute deterioration of renal 
function. 22 * 31,32 Elderly patients are also at increased 
risk. We estimate that age of 80 years or greater is 
an independent risk factor because the physiology 
of ageing within the kidney results in 50% loss of 
function in 50% of the population at age 80, primar- 
ily as a result of the progression of arteriolonephros- 
clerosis. 

Pharmacodynamics of Acute Renal Failure 

NSAID-induced acute renal decompensation is a 
pharmacologically predictable phenomenon that oc- 
curs in a dose-related fashion. In our triple-crossover 
study of 12 women with mild renal failure, ibuprofen 
(800 mg three times daily) was discontinued on day 8 
because of worsening renal function fcl.5 mg/ dL in- 
crease in serum creatinine) or hyperkalemia (potas- 
sium £ 6 mEq/mL) in 3 patients. When these w~ 
tiehtsvVe^ 

profen. tWo patients again had evideftc^ of actite 
renal deterioration.* 

Another important finding in our study was the 
time of onset of acute renal decompensation. 30 Ibu- 
profen-induced renal failure occurred rapidly 
(within days), but piroxicam and sulindac did not 
cause renal deterioration during the 11-day treat- 
ment period. A pharmacokinetic analysis in these 
patients provides insight. Ibuprofen, which has a 
short elimination half-life, reached maximum serum 
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concentrations quickly. In contrast, piroxicam and 
sulindac have longer half-lives and continued to ac- 
cumulate throughout the treatment period. These 
findings are consistent with basic pharmacologic 
principles and suggest that NSAIDs having short 
elimination half-lives will reach steady state and ex- 
ert maximum pharmacologic effects before NSAIDs 
having longer half-lives. 

"Renal Sparing" NSAIDs — ? 

Although all NSAIDs have the potential to induce 
acute renal impairment, some quantitative differ- 
ences may exist. Sulindac has been hypothesized to 
be renal sparing, possibly because of its unusual met- 
abolic pathway. 33 The parent compound, sulindac 
sulfoxide, is an inactive prodrug that undergoes he- 
patic metabolism to sulindac sulfide, which is the 
metabolite that exerts anti-inflammatory activity. 
Sulindac sulfoxide is also metabolized to a much 
lesser extent to an inactive metabolite, sulindac sul- 
fone. It has been hypothesized that, within the kid- 
ney, sulindac sulfide is reversibly oxidized to the in- 
active parent compound, sulindac sulfoxide, such 
that renal prostaglandin production would not be in- 
fluenced. 

In clinical studies, urinary prostaglandin levels 
and renal effects were unchanged in patients with 
normal renal function 34,35 and states of proteinuria. 38 
However, the duration of sulindac in these studies 
may have been insufficient to appreciate the full 
pharmacologic effect of sulindac. NSAID-induced 
changes may not have been detectable because of 
the presence of only very mild renal impairment or 
absence of renal failure altogether in these studies. 
Longer courses of sulindac in patients with slightly 
more severe renal impairment have been associated 
with statistically significant reductions in urinary 
prostaglandins 30 and glomerular filtration rate. 37 

The ability of sulindac to inhibit prostaglandin syn- 
thesis and impair renal function has been confirmed 
in a different high-risk group, namely patients with 
hepatic cirrhosis and ascites. 30 We have also identi- 
fied the development of profound acute renal failure 
in high-risk patients who received sulindac for sev- 
eral days to Weeks. Collectively, these clinical experi- 
ences indicate the need for cautious and timely 
monitoring of high-risk patients who receive 
NSAIDs. 

NEPHROTIC SYNDROME WITH INTERSTITIAL 
NEPHRITIS 

NSAIDs also cause another type of renal dysfunction 
that is associated with various levels of functional 



impairment and characterized by the development 
of the nephrotic syndrome with interstitial nephri- 
tis. 1 * 22 * 30,40 The clinical features, absence of risk fac- 
tors, and pathophysiology distinguish this from other 
NSAID-induced renal syndromes and from classic 
drug-induced allergic interstitial nephritis. 

The features of this NSAID-induced renal syn- 
drome are variable. The patient may experience 
edema, oliguria, and/or foamy urine. 41 Systemic 
signs of allergic interstitial nephritis such as fever, 
drug rash, peripheral eosinophilia, and eosinophil 
luria are generally absent, l • a2 • 40 • 4, The urine sediment 
contains microscopic hematuria and pyuria. 1 * 41 Pro- 
teinuria typically is in the nephrotic range. 1 * 30 We 
have noted that renal functional deterioration can 
range from minimal to severe. 

Characteristically, this form of nephrotic syn- 
drome consists of minimal change glomerulonephri- 
tis with interstitial nephritis, which is an unusual 
combination of histologic findings. NSAID-induced 
nephrotic syndrome without interstitial disease is 
rare but has been reported in a handful of patients 
who took fenoprofen, sulindac, or diclofenac Con- 
versely, interstitial disease without nephrosis has 
been reported in a few patients, but this may, in fact, 
represent allergic interstitial nephritis. 41 

In spite of nephrotic-range proteinuria, the most 
impressive histopathologic findings involve the in- 
terstitium and tubules. A focal diffuse inflammatory 
infiltrate can be found around the proximal and dis- 
tal tubules. We reported that the infiltrate primarily 
consisted of cytotoxic T lymphocytes but also con- 
tained other T cells, B cells, and plasma cells. 30 
Changes in the glomeruli were minimal and resem- 
bled those of minimal change glomerulonephritis 
with marked epithelial-foot process fusion. Other in- 
vestigators have reported similar findings. 1 ** 2 ' 41 ' 42 

The onset of NSAID-induced nephrotic syndrome 
is usually delayed, having a mean time of onset of 5.4 
months after initiation of NSAID therapy 40 and rang- 
ing from 2 weeks to 18 months. 1 NSAID-induced ne- 
phrotic syndrome is usually reversible 1 month to 1 
year after discontinuation of NSAID therapy. During 
the recoveiyperiod, some patients may reqm 
sis. Corticosteroids h$ye been UsM etopiriMlly, but 
it is not clear whether they hasten rtcbVeiy. If 
proteinuria does not significantly remit within 2 
weeks after discontinuation of the NSAID, we recom- 
mend a standard, 2-month trial of corticosteroid ther- 
apy as would be employed in a nephrotic adult with 
idiopathic minimal change or membranous glomeru- 
lonephritis. 

Risk factors are not well understood. Underlying 
renal impairment does not appear to be a risk factor. 
Old age has been suggested as a risk factor, 21 * 40 but 
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this may also be a reflection of the usual candidate 
for chronic NSAID therapy. The syndrome has been 
more commonly reported with fenoprofen than 
other NSAIDs. Approximately two-thirds of cases 
have been associated with fenoprofen. Hence, the 
structure of the drug itself appears to be of major 
importance. The syndrome has been attributed, 
nonetheless, to virtually all NSAIDs. including those 
from structurally distinct classes/- 22 * 39 * • 

The mechanism of NSAID-induced nephrotic syn- 
drome has not been fully characterized. The associa- 
tion of this syndrome with structurally distinct 
NSAIDs suggests a common denominator. T lympho- 
cytes may function as immune mediators instead of 
the humoral factors that are responsible for classic 
drug-induced allergic interstitial nephritis. In keep- 
ing with this hypothesis. NSAID-induced prostaglan- 
din inhibition may play an indirect role. By inhibit- 
ing cyclooxygenase, NSAIDs may promote metabo- 
lism of arachidonic acid to non-prostaglandin 
eicosanoids. Indeed, leukotrienes. the products of 
the interaction between lipoxygenase and arachi- 
donic acid, are known to recruit T lymphocytes and 
promote the inflammatory process. Leukotrienes 
may also contribute to proteinuria by increasing vas- 
cular permeability . ,40 ' 41 

PAPILLARY NECROSIS 

Papillary necrosis with interstitial nephritis is a 
well-known complication of chronic phenacetin 
abuse that has been reviewed extensively else- 
where. 43 Fortunately, the incidence of the latter 
complication has diminished considerably because 
of a better understanding of the pathophysiology and 
patient education. It has been suggested that chronic 
aspirin alone may also induce papillary necrosis, 
but it is not clear that this can actually occur. What is 
clinically apparent is that chronic (10 to 20 years) 
exposure of the kidney to high doses of analgesic 
combinations such as salicylate and acetaminophen 
(the metabolite of pbenacetin), often with the addi- 
tion of caffeine, cm and wtfl produce chronic, pro- 
gres^ 

the black pigmentation found within necrotic pa- 
pillae associated with phenacetin abuse (or phenace- 
tin-containing combinations) is absent in patients 
who ingest aspirin alone or other NSAIDs. This black 
pigmentation may represent a breakdown product of 
phenacetin. 49 

In preclinical studies, nearly all of the NSAIDs pro- 
duced papillary necrosis in experimental animal 
models. Clinical toxicity is exceedingly rare but has 
been reported for ibuprofen, 45 phenylbutazone, 



fenoprofen. 46 and mefenamic acid, 49 and according 
to prescribing information, several other NSAIDs. 

The typical candidate for NSAID-induced papil- 
lary necrosis is a middle-aged woman with a history 
of ingesting over-the-counter, combination analge- 
sics for headache. Closer questioning may reveal 
that the patient takes the analgesic for the mood-al- 
tering effects of caffeine. Renal manifestations may 
include loin pain, macroscopic hematuria, ureteral 
obstruction, and/or uremia. Urinary tract infection 
and hypertension are common secondary findings. 
Reversibility is determined by the extent of deterio- 
ration and ability to discontinue NSAID therapy. 
Recent reports from the FDA* 0 of spontaneous gross 
hematuria associated with NSAIDs such as ibupro- 
fen (three cases) suggest that papillary necrosis also 
occurs with newer NSAIDs. These data suggest a 
minor degree of papillary damage, but chronic pro- 
gressive deterioration of renal function is hot a fea- 
ture of most reports. 

The mechanism of NSAID-induced papillary ne- 
crosis is not clear. The causative role of NSAIDs is 
difficult to delineate because of the presence of con- 
founding factors such as underlying disease, urinwy 
tract infection, and/or concomitant medications. Se- 
lected NSAIDs may exert a direct toxic effect on 
renal papillae, particularly combinations of aspirin 
and acetaminophen, a major metabolite of phenace- 
tin. Both drugs are highly concentrated in the me- 
dulla. Aspirin depletes cellular glutathione, which 
would otherwise neutralize the acetaminophen me- 
tabolite, N-acetyl-benzo-quinoneimine. Without glu- 
tathione, this highly reactive metabolite could lead 
to cell death. 43 . t 

Prostaglandin inhibition may also play a role. 
Medullary ischemia, a possible precipitating factor 
in development of papillary necrosis, results from 
NSAID-induced reduction in blood flow to the renal 
medulla in experimental models."-" 

OTHER NSAID-INDUCED RENAL SYNDROMES 

Phenylbutazone, suprofen, and benoxaprofen pro- 
duce unique renal syndromes that are of historic in- 
terest. These cp^pUcatiOiis ar^f^^*^|W 
because phehylbuta?dne use has dl^msBea be- 
cause of the availability of safer drugs, and suprofen 
and benoxaprofen have been removed from the 

market. . 

Two mechanisms have been identified for pnenyi- 
butazone-iflduced acute oligo-anuric renal failure. 
Phenylbutazone is known to inhibit uric acid reab- 
sorption, which may cause hyperuricosuria, and ulti- 
mately, bilateral ureteral obstruction due to uric 
acid stones. 53 Secondly, an idiosyncratic reaction has 
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crystal precipitation within the nephron leading to 
acute urinary flow obstruction. 50,55 Suprofen is 
known to have uricosuric activity. The finding of hy- 
peruricemia (mean: 10.8 mg/dL) in four of four pa- 
tients suggests that this may be a risk factor. 55 

Benoxaprofen, an NSAID with a long half-life, was 
removed from the market in 1982, within weeks 
after its introduction, because of adverse effects. It is 
remembered for severe hepatic toxicity that occa- 
sionally resulted in death; however, renal failure 
was also a contributing factor. Risk factors for benox- 
aprofen-induced toxicity were old age and concomi- 
tant diuretic therapy, two factors known to increase 
the risk of acute functional renal failure. 

CONCLUSIONS 

NSAIDs are considered safe and suitable for the 
treatment of a variety of chronic and acute condi- 
tions. The risk of renal failure after the initiation of 
any given NSAID is low; however, the number of 
at-risk patients is high because of the widespread use 
of these drugs. 

In most cases, NSAID-induced renal syndromes 
are a direct or indirect result of prostaglandin inhibi- 
tion, which has important clinical implications. At 
this time, it is not clear whether it is possible to com- 
pletely separate the effects of NSAIDs on systemic 
prostaglandins, which mediate anti-inflammation ac- 
tivity, from renal effects. Thus, under the right cir- 
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been reported that results in acute tubular injury 
without uric acid precipitation. 34 Underlying renal 
impairment is a risk factor for the latter reaction. 
Also, patients experiencing this reaction appear to be 
predisposed to subsequent renal injury from other 
NSAIDs. These observations suggest that prostaglan- 
din inhibition may play a role in the development of 
the idiosyncratic reaction. 1 

Suprofen-induced acute renal failure is character- 
ized by acute flank and/or abdominal pain, occur- 
ring within 12 hours after starting therapy! In a series 
of 16 patients described by Hart and colleagues, 55 the 
mean peak serum creatinine was 3.6 mg/dL (range: 
2-8 mg/dL) and was within normal limits at follow- 
up in most patients. Urinalysis revealed microhema- 
turia (8/12 patients) and proteinuria (7/12 patients) 
but no crystals. One of our patients with suprofen- 
induced flank pain syndrome had birefringent crys- 
tals in the urine several hours after the injection of 
the drug and at a time when rehydration had already 
been commenced. We did not determine if these 
crystals were uric acid or drug metabolites. 

The mechanism of suprofen-induced flank pain 
and acute renal failure was never conclusively iden- 
tified before the drug was removed from the market. 
No obvious risk factors were identified in the 
previous series since all patients appeared to be in 
good health and took NSAIDs for acute symptomatic 
relief. It has been hypothesized that the suprofen 
flank pain syndrome is related to acute uric acid 
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cumstances, virtually any NSAID can produce renal 
complications. Fortunately, these complications are 
usually reversible if the diagnosis is recognized 
promptly and NSAID therapy is discontinued. 

With an understanding of the pathophysiology in- 
volved, preventive clinical measures can be put into 
operation. Risk factors have been identified for most 
NSAID-induced renal syndromes (Table IV). It is 
prudent to avoid high-dose, chronic NSAID therapy 
in at-risk patients (Table IH). Unfortunately, this is 
not always possible. If NSAIDs are necessary in these 
high-risk groups, the patients should be monitored 
closely and receive appropriate counselling. Moni- 
toring should begin within a week after initiation of a 
short-acting NSAID (e.g., ibuprofen) and continue in- 
definitely for signs of syndromes having delayed on- 
set (e.g., nephrotic syndrome with interstitial 
nephritis). 

In the event of NSAID-induced renal failure, the 
NSAID should be discontinued promptly. The pa- 
tient should receive supportive care as needed. After 
stabilization of renal function, rechallenge with the 
same dose of the offending drug or even a struc- 
turally unrelated NSAID is likely to reproduce the 
adverse effect. (Patients who have recovered from an 
episode of protracted dehydration due to diuretics or 
intercurrent disease are an exception to this rule.) 
Thus, if anti-inflammatory therapy is mandatory, 
underlying risk factors should be identified and elim- 
inated, if possible. Unfortunately, this is often not 
possible, as in the case of old age or chronic heart, 
kidney, or liver disease. These patients may require 
alternative therapy using corticosteroids or other 
supportive drugs such as acetaminophen or colchi- 
cine. 
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are provided, along with a list of suggested areas in which more research is needed. 
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NONSTEROIDAL anti-inflammatory drugs 
(NSAIDs) are popular and used widely be- 
cause of their acknowledged efficacy and excel- 
lent safety profile in a wide range of clinical 
conditions. Despite their, many useful therapeutic 
applications, there is now substantial evidence 
arising from experimental studies and clinical 
studies in humans for multiple effects of NSAJDs 
on kidney function. This is not surprising since 
the principal action of NSAlDs is to block the 
synthesis of cyclo-oxygenase products of arachi- 
donic acid, which have a critical modulatory role 
on renal hemodynamics, renal epithelial cell fluid 
and ion transport, and the synthesis and action of 
renal hormones. Nonsteroidal anti-inflammatory 
drugs are now available both in over-the-counter 
and prescription strengths. The majority of 
healthy, normal subjects who ingest therapeutic 
dosages of NS AIDs for limited duration tolerate 
these drugs without adverse effects. However, a 
subset of individual are susceptible to subclinical 
as well as serious renal toxicity from these 
agents. In addition to the effects listed in Table 
1, NSAIDs interfere with the efficacy of antihy- 
pertensive medicines, leading to an increase in 
blood pressure. 

Since the toxicity of NSAIDs in the kidney is 
linked to the disruption of renal prostaglandin 
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synthesis, a brief review of the renal effects of 
prostaglandins and the consequences of synthesis 
interruption is in order. 

PROSTAGLANDIN SYNTHESIS AND 
CO M PARTM ENTAU2ATION 

Prostaglandins are derivatives of arachidonic 
acid, a 20-carbon tetraenoic acid, which is acy- 
lated to membrane phospholipids. Deacylation 
of arachidonic acid from the cell membrane is 
controlled by phospholipases, predominantly 
phospholipase A 2 . Vasopressin/ bradykinin, 3 an- 
giotensin, 3 and norepinephrine 4 all stimulate ara- 
chidonic acid release from membranes,, whereas 
glucocorticoids inhibit release. 5 After arachi- 
donic acid is released from the cell membrane, 
several synthetic pathways are then available. 
Molecular oxygen may be added to the arachi- 
donic acid by the action of an intracellular endo- 
plasmic reticulum-bound peroxidase enzyme 
(cyclo-oxygenase), which leads to the synthesis 
of endoperoxide PGG 2 . A second endoperoxide 
(PGH2) is then formed with the liberation of a 
superoxide radical. Once formed, PGH 2 has a 
short half-life and is rapidly acted on by a series 
of enzymes that produce the biologically active 
molecules. Nonsteroidal anti-inflammatory drugs 
exert their prostaglandin inhibitory effects by pri- 
marily inhibiting the activity of cyclo-oxygpoase 
by 70% to 95%. Pro^glaMin ^^i^^ ,is 
also decreased by NSAIEh, reducing the genera- 
tion of superoxide and hydroxyl-free radicals, 6,7 

The endoperoxide PGH 2 is transformed by a 
series of enzymes to the dicnoic series of prosta- 
glandins. These prostaglandin metabolites pos- 
sess biologic activity in the kidney; for example, 
prostacyclin synthetase acts to form prostacyclin 
(PGI 2 ), whereas thromboxane synthetase forms 
thromboxane (TXA 2 ) and the isomerases act to 
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Table 1. Kidney Manifestations of NSAIDs 



KWnoy Toxicity 



Mechanism 



Risk Factors 



Acute renal failure 

Sodium retention 
Potassium retention 

Water retention 

Acute interstitial nephritis 



Loss of counterregulatory 

prostaglandins 
Loss of natriuretic prostaglandins 
Hyporeninemic hypoaldosteronism 

Enhanced antidiuretic hormone action. 

increased medullary tonicity 
Reactive aracrudonic acid metabolite 



Plasma volume contraction, congestive 

heart failure, cirrhosis, and ascites 
Unknown 

Concomitant defects In potassium 

homeostasis 
Unknown 

Unknown 



form PGEj and PGF 2 . Prostaglandins arc known 
to exert physiologic effects at the locations at 
which they are synthesized. In this regard, they 
are really autocoids rather than true hormones. 
Prostaglandins that are excreted into renal lymph 
or into the renal vein are rapidly metabolized into 
active products in the lung. The prostaglandin 
synthetic pathway is shown in Fig 1. Prostaglan- 
dins synthesized in the renal cortex regulate renal 
cortical processes (renal vascular resistance and 
renal secretion), whereas prostaglandins formed 
in the medulla modulate medullary physiologic 
events (salt and water handling). The most abun- 
dant prostaglandin found in the tubules is PGE 2 . 
The cortical and particularly medullary portion 
of the collecting duct are the dominant sites of 
PGE2 synthesis. Medullary interstitial cells are 
also a rich source of PGE2 production. Prosta- 
glandin Ez undergoes spontaneous hydrolysis to 
6-keto-PGF la . Prostaglandins are rapidly metab- 



olized into inactive products by a ^-prostaglan- 
din dehydrogenase. 

EFFECTS OF NONSTEROIDAL ANTI- 
INFLAMMATORY ORUGS ON RENAL 
FUNCTION: CLINICAL CONSEQUENCES 

Under baseline and euvolemic circumstances 
there is typically a very low rate of prostaglandin 
synthesis. Because this is true in a healthy state, 
it is difficult to demonstrate that prostaglandins 
contribute to the normal maintenance of renal 
function even when using powerful cyclo-oxy- 
genase inhibitors, such as NSAIDs. When prosta- 
glandin synthesis is upregulated as hemodynamic 
destabilization occurs, the synthesis and release 
of prostaglandins is grcady enhanced. Under 
these circumstances the inhibition of prostaglan- 
din synthesis has been clearly demonstrated to 
have profound adverse hemodynamic effects on 
the kidney. Most of these effects have been seen 
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Fig 1. Pathways for pros- 
taglandin formation, (Re- 
printed with permission. 1- ) 
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Fig 2. Schematic depic- 
tion of the relationship be- 
tween vasodilator end vaso- 
constrictor input into the 
kidney. PCI. and PQ^t exert 
a moderating effect on renal 
vasoconstrictive stimuli. 



in circumstances in which blood volume or effec- 
tive arterial blood volume is compromised and 
vasoconstrictor peptide secretion would be ex- 
pected to be high. Angiotensin n, norepineph- 
rine, vasopressin, and sympathic nerve activity 
all increase under these perturbed circumstances 
and cause an increase in renal vascular resistance. 
In addition, each of these stimuli is a potent ago- 
nist for prostaglandin synthesis. 2 -** Hence, what 
ensues is a dynamic interplay between counter- 
balancing vasoconstrictor and vasodilator forces. 
It is under these circumstances that the inhibitor 
of prostaglandin synthesis will result in excessive 
vasoconstriction, with a consequent decrease in 
renal blood flow and finally a decrement in glo- 
merular filtration rate. These relationships are 
graphically depicted in Fig 2. 

ACUTE RENAL FAILURE 

Acute; ti^tl j&yute 1 (^F) **e to a 4ccredse 
in renal bl^ secondary to incttist renal 
vascular resistance has been well described. The 
afferent renal arteriole appears to be under tonic 
regulation by vasodilator prostaglandins, and loss 
of these dilators leads to vasoconstriction and a 
decrease in glomerular capillary pressure, re- 
sulting in a prompt decline in glomerular filtra- 
tion rate. This form of renal failure is often sud- 
den, presenting with oliguria and a decrease in 



fractional sodium excredon. Withdrawal of 
NS AIDs usually leads to prompt reversal of the 
ARF. Virtually all NS AIDs have been impli- 
cated, although some subclasses of NS AIDs may 
be less toxic because of renal conversion of ac- 
tive drug to inactive metabolite. 

A common risk factor of ARF is the physio- 
logic state of plasma volume depletion induced 
either by hemorrhage, salt loss, or hypoalbumin- 
emia. In these conditions, circulating vasocon- 
strictors are released, maintaining vascular resis- 
tance and blood pressure at the potential expense 
of regional organ blood flow. To maintain blood 
flow, particularly in the kidney, counterregula- 
tory renal prostaglandins are released that coun- 
teract vasoconstrictors and normalize renal blood 
flow. Nonsteroidal anti-inflammatory drugs taken 
under these circumstances blunt this counterreg- 
ulatory response and intensify the renal vasocon- 
striction leading to AJp. If fte yasocon^triction 
is ?tifj(l£i3^ 

acute tubular necrosis may ensue. Similar physi- 
ology to intravascular volume depletion is seen in 
severe congestive heart failure (New York Heart 
Association grade III, IV) and hepatic failure 
with ascites. In these two pathophysiologic 
states, which are also associated with activation 
of circulating neurohumoral vasoconstrictors, 
NSAJD use may lead to ARF by augmenting 
arteriolar constriction. 
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INTERRUPTION OF RENAL TUBULAR ION 
AND WATER TRANSPORT: CLINICAL 
CONSEQUENCES 

Eicosanoids or oxygenated metabolites of ara- 
chidonic arid exert modulatory influences on 
many ion transport sites along the nephron. Con* 
sequently, their synthesis interrupted by NSAID 
use leads to a wide variety of disorders of ion 
transport Most prominent among these in clini- 
cal use is the retention of sodium. Virtually ail 
individuals will develop positive sodium reten- 
tion following the use of NSAIDs and escape 
from this antinatriuretic effect in several days. A 
small subset of individuals fail to escape and 
develop a severe edema state. Natriuresis rapidly 
ensues once the drug is discontinued. 

An issue related to sodium retention is the 
effect of NSAIDs to antagonize the effect of con- 
comitant diuretic use. This antagonism has been 
described for the use of both thiazide and loop 
diuretics. Potassium-sparing diuretics, particu- 
larly triamterene, have been implicated as a po- 
tential risk factor for NSAKMnduced ARF. Re- 
ports of this combination of drugs have been in 
the form of case reports and require further study 
to document the precise risk. 

Hyperkalemia is the second major electrolyte 
disorder that accompanies NSAJD use. Since 
plasma potassium is tightly regulated by several 
different effector systems, NSAID-induced hy- 
perkalemia seldom occurs in the absence of other 
defects in potassium homeostasis. The mecha- 
nism of NSAID action is the suppression of pros- 
taglandin-mediated renin, release leading to a 
state of hyporeninemic hypoaldosteronism. Pa- 
tients at risk are those on drugs that block internal 
potassium homeostasis (beta blockers, alpha ago- 
nists) or drugs that reduce potassium excretion 
(potassium-sparing diuretics, aldosterone antago- 
nists). Insulin-dependent diabetic patients, espe- 
rially with renal dysfunction, as well as patients 

filtration rate < 30 mlVtnih) are at particularly 
high risk. * 

Hyponatremia secondary to a defect in free 
water clearance is well documented in the use of 
NSAIDs. Abundant evidence indicates that pros- 
taglandins antagonize the hydro-osmotic effect 
of antidiuretic hormone. Thus, NSAID use en- 
hances antidiuretic hormone action and promotes 
water retention. This effect is further accentuated 



by the effect of NSAIDs to augment medullary 
tonicity by enhancing the active transport of 
chloride at the thick ascending limb of the loop 
of Henle. Restriction of water intake may be nec- 
essary in those patients who develop hypona- 
tremia during NSAID use. 

ACUTE INTERSTITIAL NEPHRITIS AND 
MINIMAL-CHANGE GLOMERULOPATHY 

Nonsteroidal anti-inflammatory drugs of all 
classes have been reported to induce a syndrome 
of acute interstitial nephritis with or without min- 
imal-change glomerulopathy. This rare syndrome 
has been reported after 2 to 1 8 months of NSAID 
therapy and may be sufficiently severe as to re- 
quire dialysis support. Most cases are reversible 
and are characterized pathologically by a mono- 
nuclear cell infiltrate of lymphocytes and plasma 
cells. When there is glomerular involvement, the 
predominant lesion is epithelial cell podocyte fu- 
sion detected by electron microscopy. The most 
culpable NSAID appears to be fenoprofen, al- 
though virtually all NSAIDs have been reported 
to induce this pathology. Acute interstitial ne- 
phritis is probably the most common presenta- 
tion, followed by combined interstitial and glo- 
merular disease; the least common is minimal- 
change glomerulopathy. The usual stigmata of 
an allergic syndrome are absent, such as skin 
rash, peripheral eosinophilic and increased im- 
munoglobulin E level, suggesting that the mecha- 
nism of action may be related to a reactive non- 
cyclo-oxygenase product pf araehidonic acid 
metabolism. The syndrome is usually reversible 
by the withdrawal of the offending NSAID. 
There are no controlled studies supporting the 
use of corticosteroids to alter the rate or extent 
of renal recovery. 

NONSTEROIDAL ANTI-INFLAMMATORY DRUGS 
AND OHRONIC RENAL DISEASE 

Despite die Ai^^hai^ 
effects of NS AIDs on the Iddhey, there aft *k> 
scientifically acceptable data documenting the 
safety of this class of drugs on renal structure and 
function when taken chronically. Epidemiologic 
data show an 8.8 increased relative risk of end- 
stage renal disease in subjects ingesting 5.000 or 
more doses of NSAIDs compared with control 
subjects matched for age. However, these data 
are flawed by the study design and do not neces- 
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sadly support a cause and effect relationship. 9 In 
a better-designed, multicenter t case control 
study, the risk of chronic renal disease defined 
as a serum creatinine of 2=1.5 mg/dL was 2.1 
(95% confidence interval, 1.1 to 4.1) in daily 
users of NSAIDs. 10 

The hallmark lesion of analgesic-associated ne- 
phropathy is renal papillary necrosis, which can 
lead to progressive renal failure but also may be 
present with a well-preserved glomerular filtration 
rate, making ascertainment of cases by renal func- 
tion studies alone problematic. In a prospective ra- 
diographic study of 259 patients with an intake of 
1,000 to 26,000 NSAID doses, papillary necrosis 
was found in 38 users who took predominately 
physician-prescribed NSAIDs. Only 65% of these 
patients had renal functional impairment Thus, it 
is clear that long-term use of NSAIDs can cause 
renal papillary necrosis and renal insufficiency. 11 
The frequency of renal papillary necrosis as a pri- 
mary or contributing cause of end-stage renal dis- 
ease is unknown because of the infrequent radio- 
graphic diagnosis by physicians resulting in 
misclassification and the insensitivity of renal diag- 
nosis by currently available renal function teSts, 
such as serum creatinine. Furthermore, other 
known effects of NSAIDs on the kidney, including 
increased blood pressure and renal hemodynamic 
changes, could contribute to facilitating progressive 
renal disease of other etiologies. The experimental 
production of renal papillary necrosis by NSAIDs 
is enhanced by caffeine. 12 It is not known whether 
this is clinically relevant because caffeine intake 
has not been considered in epidemiologic or other 
clinical studies. 

While there is an extensive package insert doc- 
umenting the renal consequences of prescription 
NSAIDs, there are no renal warnings at all on 
over-the-counter NSAIDs, which are heavily ad- 
vertised to the public. Thus, patients in high- 
risk groups or patients with pre-existing kidney 
disease cxMJtld be iu^«vai?e ; ^hiiL^b %otn 
exposed to these drugs. Case reports and case 
series document the ability of a variety of chemi- 
cally Unrelated NSAIDs to produce renal papil- 
lary necrosis and renal insufficiency. 13 " 16 

There are other causes of chronic renal failure 
in patients using prescription or over-the-counter 
NSAIDs. Although acute renal dysfunction due 
to NSAIDs is most often reversible, approxi- 
mately 20% of reported cases have permanent 



renal failure whether the NSAIDs produced ARF 
via acute tubular necrosis, acute interstitial ne- 
phritis with proteinuria, or simply renal blood 
flow decreases in high-risk populations. 17 

Irreversible renal failure may also occur in 
children. 18 Prenatal exposure to indomethacin 
may lead to severe irreversible renal failure, 
which is favored by prior stimulation of the re- 
nin-angiotensin system. Since these infants are 
not generally candidates for renal replacement, 
the consequences of NSAIDs in this setting are 
not reflected in the end-stage renal disease statis- 
tics of the US Renal Data System. In recent se- 
ries, neonatal renal failure deaths were reported 
with 150 to 400 mg of indomethacin per day for 
2 to 11 weeks during pregnancy. 19 " 22 Low birth 
weights and hyperkalemia also have been de- 
scribed in surviving infants. 23 

When NSAIDs are used to reduce proteinuria 
in nephrosis, permanent renal damage has been 
reported. Another potential adverse effect of 
NSAIDs in patients with chronic renal failure 
includes fatal hyperkalemia from drug-drug in- 
teractions with angiotensin-converting enzyme 
inhibitors, potassium-sparing diuretics, or beta 
blockers. 24 

Although the population exposure to prescrip- 
tion and nonprescription NSAIDs is large, even 
the estimated 1% patients with clinically detect- 
able renal dysfunction has important medical and 
economic implications. 25 The longest period of 
observation with regard to chronic NSAID usage 
is 6 to 12 months. In the United States, there are 
no cross-sectional or prospective studies applied 
to NSAIDs using the objective criteria for anal- 
gesic nephropathy diagnosis proposed by Else- 
viers and DeBroe, 2 * although these criteria have 
been validated in Europe. In a large general inter- 
nal medicine practice in which records of analge- 
sic users were surveyed, patients older than 65 
years and those with coronary artery disease were 
at ri$k of renal impairment with NSAIDs com- 
pared with users of acetaminophen. No radio- 
graphic data are available. 27 

SUMMARY 

Nonsteroidal anti-inflammatory use in the gen- 
eral population is safe and efficacious when used 
in therapeutic dosages for a limited period of 
time. In contrast, patients with pre-existing risk 
factors are susceptible to potentially life-threat- 
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cning toxicities, including ARF and serious fluid 
and electrolyte disorders. Numerous studies have 
delineated the mechanism(s) by which NSAIDs 
induce these adverse effects and identify the pa- 
tients at highest risk (Table 1). The safe use of 
these agents requires the identification of these 
risk factors, interventions to ameliorate these 
risks when possible, and the careful monitoring 
of renal function and electrolyte concentrations 
to avoid serious complications. 

Renal papillary necrosis and chronic renal in- 
sufficiency can occur secondary to prolonged use 
of prescription and over-the-counter NSAIDs. 
Neonatal renal failure and renal death may occur 
from use during pregnancy. While acute renal 
failure due to NSAIDs occurs in well-defined 
high-risk patients or under rare idiosyncratic cir- 
cumstances, renal recovery is incomplete in ap- 
proximately 20% of reported cases. There are 
epidemiologic data to support NSAED use as a 
risk factor for chronic renal dysfunction, even 
end-stage renal disease, in a cumulative dose- 
dependent fashion. Despite over-the-counter sta- 
tus, there are no long-term studies of renal struc- 
ture or function that document the safety of these 
drugs. 

CONCLUSIONS 

1. Use of NSAIDs in the general population 
is safe and effective when used in therapeutic 
dosages for a limited period of time. 

2. Patients with pre-existing risk factors are 
susceptible to potentially life-threatening toxici- 
ties, including ARF and serious fluid and electro- 
lyte disorders. 

3. Renal papillary necrosis and chronic renal 
failure can occur secondary to prolonged use of 
prescription and over-the-counter NSAIDs. 

4. Neonatal renal failure and renal death may 
occur from N3AID u$e during pregnancy. 

S; Noi^roid^ ah&^ drug^in- 
duced AfcF is usually; but not inevitably , revers- 
ible. 

6. There are no acceptable epidemiologic or 
clinical data regarding the risk of NSAIDs for 
chronic renal failure, renal papillary necrosis, or 
end-stage renal disease. 

7. There are no data of NSAIDs* effect on 
progression of other renal diseases (experimental 
or clinical). 



RECOMMENDATIONS 

1. There should be an explicit label to warn 
patients taking over-the-counter NSAIDs of po- 
tential renal toxicities (similar to that suggested 
in Am J Kidney Dis 6:4-5, 1985). 

2. Design and implement properly controlled 
studies on the renal and cardiovascular safety of 
chronic NSAIDs by themselves or in the pres- 
ence of other known etiologies of renal disease. 

3. Combinations of NSAIDs with other anal- 
gesics and/or caffeine should be prospectively 
evaluated for renal safety prior to release. 

REFERENCES 

t. Dunn MJ, Hood VL: Prostaglandins and the kidney. 
Am J Physiol 233:F169-I84, 1977 

2. McGiff JC Crowshaw K, Terragno NA, Malik KU, 
Lonigro AJ: Differential effect of noradrenaline and renal 
nerve stimulation on vascular resistance In the dog kidney 
and the release of a prostaglandin (Mike substance. Clin Sci 
42:233. 1972 

3. McGiff JC, Crowshaw K, Terragno NA, Lonigro AJ: 
Release of a prostaglandin-Uke substance into renal venous 
blood in response to angiotensin H. Che Res 27:121*130, 
I970(suppl I) 

4. Levinc U Moskowitz MA: Alpha and beta adrenergic 
stimuladon of arachidonic acid metabolism cells in culture. 
Proc Nad Acad Sci U S A 76:6632-6636, 1979 

5. Zusman RM, Keiser HR: Prostaglandin biosynthesis by 
rabbit renomedullary interstitial cells in tissue culture; stimu- 
lation by angiotensin 0. bradyldnin. and vasopressin. J Clin 
Invest 60215-223. 1970 

6. McCord JM. Fridovich I: The biology and pathology 
of oxygen radicals. Ann Intern Med 89:122-127. 1978 

7. Simon LS. Mills JA: Nonsteroidal anti-inflammatory 
drugs. N Engl J Med 302:1 179-1 185, 1980 

8. McGiff JC. Crowshaw K, Terragno NA, Lonigro AJ: 
Renal prostaglandins: Possible regulators of the renal actions 
of pressor hormones. Nature 227:1255-1257. 1970 

9. Pemeger TV, Whelton PK, Klag MJ: Risk of kidney 
failure associated with the use of acetaminophen, aspirin, and 
nonsteroidal antiinflammatory drugs. N Engl J Med 
331:1675-1679. 1994 

10. Sandler DP, Burr FR, Weinberg CR: Nonsteroidal 
anti-inflammatory drugs and the risk for chronic renal disease. 
Ann Intern Med 115:165-172, 1991 

11. Segasothy M, Samad SA, Zujflgar A* Bennett WM: 
Chronic renal disease and papillary necrosis associated with 
the long-term use of nonsteroidal aiiti-mflammatory drugs as 
the sole or predominant analgesic. Am J Kidney Dis 24:17- 
24, 1994 

12. Champion de Crespigny P, Hewitson T, Bircball I 
fGncaid-Smith P: Caffeine potentiates the nephrotoxicity of 
mefenamic acid on the rat renal papilla. Am J Nephrol 
10:311-315, 1990 

13. Giovannoni JUOttH.de Torrente A: Tenoxicam and 
renal function. Short-term and long-term prospective studies. 
J Suisse Med 120:793-797. 1990 



S62 

14. Calvo-AIcn J, Dc Cos MA, Rodrigucz-Valvcrdc V, 
EscaUada R, Florez J, Arias M: Subclinical renal toxicity in 
rheumatic patients receiving long-term treatment with nonste- 
roidal antiinflammatory drugs. J Rheumatol 21:1742-1747. 
1994 

15. Adam O. Vetter-KerhofTC. Schkmdorff D: Renal side- 
effects of non-steroidal antirheumatic drugs. Med Klin 
89:305-311. 1994 

16. Nanra RS: Analgesic nephropathy in the 1990s— An 
Australian perspective. Kidney Int 42:586-92, 1993 

17. Shibasaki T, Ishimoto F. Sakai O, Joh K, Aizawa S: 
Clinical characterization of drug-induced allergic nephritis. 
Am J Nephrol 11:174-180, 1991 

18. Lantz B f Cochat P. Bouchet JL, Fischbach M: Short- 
term niflumic-acid-induced acute renal failure in children.. 
Nephrol Dial Transplant 9:1234-1239, 1994 

19. van der Heijden BJ. Carlus C Narcy F. Bavoux F, 
Delezoide AL, Gubter MC: Persistent anuria, neonatal death, 
and renal microcystic lesions after prenatal exposure to indo- 
methacin. Am J Obstet Gynecol 171:617-623. 1994 

20. Gloor JM, Mucharit DG, Norling LL: Prenatal mater- 
nal tndomethacin use resulting in prolonged neonatal renal 
insufficiency. J Perinatol 13:425-427, 1993 

21. Kaplan BS, Restaino I Raval DS, Gottlieb RP, Bern- 
stein J: Renal failure in the neonate associated with in utero 
exposure to non-steroidal anti-inflammatory agents. Pediatr 
Nephrol 8:700-704. 1994 

22. Jacqz-Aigrain E, Guillonneau M, Boissinot C, Bavoux 



BENNE r- vIENRlCH, ANO STOFF 

F, Hartmann JF. Blot P: Maternal and neonatal effects of 
indomethacin administrated during pregnancy. Apropos of 18 
cases. Arch Fr Pediatr 50:307-312. 1993 

23. Nishikubo T. Takahashi Y, Nakagawa Y. Kawaguchi 
C Nakajima M. Ichijo M. Yoshioka A: Kenal impairment in 
very low birthweight infants following antenatal indometha- 
cin administration. Acta Paediatr Jpn 36:202-206, 1994 

24. Murray MD, Brater DC: Renal toxicity of the nonste- 
roidal anti-inflammatory drugs. Annu Rev Pharmacol Toxicol 
33:435^65. 1993 

25. Whelton A, Hamilton CW: Nonsteroidal anti-inflam- 
matory drugs: Effects on kidney function, J Clin Pharmacol 
31:588-598, 1991 

26. Elsevicrs MM. DeSchepper A. Corthouts R, Bosmans 
JU Cosyn U Uns RU Lornoy W, Matthys E. Roose R, Van 
Caesbroeck D. Waller I, Horackova M, Schwarz A, Svrcek 
P, Bonucchi D, Franek E, Morlans M, De Broe ME: High 
diagnostic performance of CT scan for analgesic nephropathy 
in patients with incipient to severe renal failure. Kidney Int 
48:1316-1323. 1995 

27. Murray MD. Brater DC, Tiemey WM, Hui SU Mc- 
Donald GJ: Ibuprofen-assodated renal impairment in a targe 
general internal medicine practice. Am J Med Sd 299:222- 
229. 1990 

28. Palmer B. Henrich W: Systemic complications of non- 
steroidal antiinflammatory drug use, in Schrter RW (ed): Ad- 
vances in Internal Medicine. Chicago, EL, Mosby, 1996, pp 
605-639 



EXHIBIT M 



CN 

o 



Oh 



to 
c 



0) 

o 
< 

0) 
0) 

DC 



CD 

Oh 

N 
<D 




a 

3 

C5 
O 

a 

© 

c/i 
<U 

w 



u 

Q 

CO 
Q 

CI 

3 



GO 



O 

Oh 



g 

o 
• i—i 

CD 

o 

*o 
o 

XI 

o 

GO 



}-< 

CD 
> 



-a 

I— I 

a 

• i— i 
o 

* rH 

<d 

s 

o 

+-» 
G 

CD 

S 
1 

Q 



"O 

CD 

JO 

,? o 

Ql 

C > <D 3 03 -t 
LU O I h 2 LU 



o 

CD 



_ to 



0) 



cd 



2>£ 



■ i-H 



2 -3 S 



03 



-5 .52 



8 



a) 



CO 
CD 

^ ^ 9 O m 

"o as is n 

JO ts CO CD o •= 2 £ 

3 g O £ CO = .E 3 



CO 
CD 

o 

ZJ 

o 

CO 
CD 



CO 



CO 

CD 



a 

CD 

•a 

o 

a .8 .2 

.2 $ & 
•J • • 

■9 

P-, 



m 



m 



■o 

CD 



CO 



> _ 
o 



!g !§ -° 



. ro ro 

"oo z 
o 



o 
o 

CN 
CN 



r- 
00 
m 
00 
00 
m 

T 
•3. 



CO 

? 

a, 

•3 

a 



CD 

•B 

CD 

! 

a 

o 
o. 

'5b 



CD 

1 



-£3 

•a 



51 E 

JZ 



CD 

£ 
o 



c 

CD 

E 

03 
Q m 
<D ^ 

Q 

> 
o 

CD 
> 



T3 



Ph 

SI 

W 



oo 

00 
00 
CO 



CO 



i 

on 

! 

ex 
o 

■8 

s 

If- 
•8 

> 

i 



